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© An intelligent computer integrated maintenance 
system and method may be used with a group of 
machines which require maintenance, known as a 
"complex", such as a group of production lines each 
of which includes many production machines for 
producing a product. The intelligent computer in- 
tegrated maintenance system includes an electron- 
ically stored parts manual which contains a hierarchi- 
cal listing of all parts in the production machines. 
The hierarchical listing contains a complete bill of 
materials which breaks each machine into subas- 
semblies and breaks each subassembly into its sub- 
assemblies down to the level of individual parts. The 
intelligent computer integrated maintenance system 
"also includes a maintenance operations computer 
controller which includes a maintenance schedule 
management subsystem, an engineering change 
control subsystem, a parts manual management 
subsystem and a spares inventory management sub- 



system. The maintenance schedule management 
subsystem obtains a schedule of actual and planned 
production system and groups maintenance activi- 
ties in order to minimize the lost production time for 
each complex. For example, maintenance is sched- 
uled for off-line times for each complex if possible. 
Alternatively, if a number of maintenance tasks are 
scheduled for a short time interval, they may be 
grouped together so that they can be performed 
simultaneously. 

The engineering change control subsystem in- 
tegrates engineering change activities with mainten- 
ance activities to maximize production time. The 
automated parts manual is also updated to account 
for engineering change controls. The spare parts 
inventory management subsystem orders spare 
parts based on predicted maintenance rather than on 
prescribed inventory levels. Just-in-time parts order- 
ing is thereby facilitated. 
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The computer integrate^ limljhte^^ 
and methpd of the„ present invention allows main- 
tenance opefatibrls' to be^ integrated Into the com^ 
plexes primary activity, such as production, in an 
intelligent manner. When used, production efficiency 
is maximized as is the use of available .maintenance 
manpower. Engineering changes are easily accom- 
modated and spare parts inventory is kept to a 
minimum. : v ' jn^ ; 
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@ An intelligent computer integrated maintenance 
system and method may be used with a group of 
machines which require maintenance, known as a 
"complex", such as a group of production lines each 
of which includes many production machines for 
producing a product. The intelligent computer in- 
tegrated maintenance system includes an electron- 
ically stored parts manual which contains a hierarchi- 
cal listing of all parts in the production machines. 
The hierarchical listing contains a complete bill of 
materials which breaks each machine into subas- 
semblies and breaks each subassembly into its sub- 
assemblies down to the level of individual parts. The 
intelligent computer integrated maintenance system 
also includes a maintenance operations computer 
controller which includes a maintenance schedule 
management subsystem, an engineering change 
control subsystem, a parts manual management 
subsystem and a spares inventory management sub- 
system. The maintenance schedule management 
subsystem obtains a schedule of actual and planned 



production system and groups maintenance activi- 
ties in order to minimize the lost production time for 
each complex. For example, maintenance is sched- 
uled for off-line times for each complex if possible. 
Alternatively, if a number of maintenance tasks are 
scheduled for a short time interval, they may be 
grouped together so that they can be performed 
simultaneously. 

The engineering change control subsystem in- 
tegrates engineering change activities with mainten- 
ance activities to maximize production time. The 
automated parts manual is also updated to account 
for engineering change controls. The spare parts 
inventory management subsystem orders spare 
parts based on predicted maintenance rather than on 
prescribed inventory levels. Just-in-time parts order- 
ing is thereby facilitated. 

The computer integrated maintenance system 
and method of the present invention allows main- 
tenance operations to be integrated into the com- 
plexes primary activity, such as production, in an 
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intelligenl'manheg Wferl us^. prodS^tioh leffic-i^hcy 
is maximiz^J ^ is the^use of avaifable maintenance 
manpower: Engirieenng changes are easily accom- 
modated and spare parts inventory is kept to a 
minimum. 
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•Field of thb Invention 

This invention relates to equipment' mainten-- 
ance and more particularly to computer iritegraited 
maintenance systems and rtiethbds: 

Background of the Invention 



Computer integrated manufactijfihg systeitis ■ '■ 
are widely used-- in state of the art nianijfacturirlg ' 
operations -for cohti'blling -the operation of iiiany^ ' 
manufacturing oi" production machines -in one or 
more mariiifacturing plants. The machines nriay be 
organized into production 'lines each of which iriay 
produce a particular product. The rtiachinbs In a 
production- line may be: furictibhally- intercohn'ectbd' 
so that if one machine is unavailable -due 'to a 
failure or • due to maintenance activity-, the entire 
production line may be unavailable for productiori,- 
or the production capacity of the line r^^^ be ^ 
limited. Computer integrated mahufactijririg sys-' 
tetris may be used' to control" the production^ ma-' " 
chines arid the ^ How of materials frohn one machine 
to another durihg the course of producing 'S's prod- ■ 
uct. Computer integrated manufactu'rihg systems 
may also be used to schedule 'the^ purchasing of 
raw materials necessary for prbdiicitigi a'rproduct, 
and for developing a master schedule for all the 
machines in iorder to produce the desired amount 
of product at each production^ line at the deisired 
time. " ■ ^ ' ■ . -''O 

In order to increase the ' production efficiency ■ ' ' 
and manufacturing flexibility of large fnaniifacturing' 
operations; computer integraited manufacturing sys- ' 
tems are ""how being widely installed ahd- 'iised. 
Represeritative conrjputer integrated manufacturing 
systems are described in U:S. patents 4,346,446 to 
Erbstein et ah. entitled "Management and 'Analysis ' ■ 
System for Web Machines ahd ' the 'Like"; ' 
4,472.783 to Johnstone et al. entitled "Flexible 
Manufacturing System"; 4,457,772 to Haynes et al: ■ 
entitled "Management Control System for Forming 
Glassware"; and> 4,803,634 to Ohrio et al: entitled 
"Production Process Control System in Newspaper 
Printing". 

A computer integrated manufacturing ' system 
which includes multiple levels of computer control 
to organize and disseminate the information for ^ 
controlling shop floor level systerins is described in 
U.S. patent 4,827,423 to Beasley et al. entitled 
"Computer Integrated Manufacturing System", as- 
signed to the assignee of the present invention, the 
disclosure of which is hereby expressly ihcorpch 
rated herein by reference. In Beasley et al.; manu- 
facturing scheduling data and data relating to pro^ 
cess, product and material specifications as wiell as 
bills of material are generated in an uppei' level- 
computer system and refined and downloaded as 



"needed to lower level computers controlling the 
shop floor process; The upper level computers are 

• ■ capable of ebmmuhication with the computers' on 

• the lower levels; 'arid computers on -the same level 
'5" are capable of conhmuriication with each other as 
■ needed to pass iriformation back and forth! 

The ail 'has sheretofore suggested adding a 
maintenance niodule 'to a computer integrated 
• manufacturing system in order to iritegi-ate hnain- 
Jb '' tenahce of the production machines into the com-' 
puter integrated nianufacturing system. For exSm 
pie, the Haynes et- all' '772 patbnt rioted abbvei 
disclosesOa' glassware 'production control ' systerri 
which also 'provides' maintenance informiaffbri. The 
75 Ohno et alv^-634 patent rioted above ilsb describes 
a productiori : process Gbntror'connputer which in- 
' ' : eludes a materials and' mainfenarice corifroT sub- 
system. The matel'ials and ririainteriarice coritrol : 
subsystem 'cbriti-dis the timing 'vof parts replace- 
20 merit. The tiriiirig of parts' replaceritierit is calculated 
in advance'ifrbmnhe ciiriiulative total of the pre- 
dicted life" of corisiinriable parts and operatibri time 
and displayed or' printed so -as to' eriable order 
placement "foi- parts; The' maintenance system in- 
25 eludes a pails fisf'file'cbntaining'a list of all cbri- 
■ sumable parts in the system'. The parts list file is 
' updated by collecting ihformatibn on the operation 
of the machine so that residual service lives of 
consumable 'parts -may be calculated. When parts 
30 replacement is needed^ the quantity of parts used 
' for replacement is 'deducted from the stbck vdluriie 

• ' iri the parts inventory file. When the 'stock volunie 

of parts in the parts Inventory file becomes smaller 
■ than at the time of parts ordering, an order form 

35' slip is printed. In other words, a "point of ordering" 
system is provided: A running total' of elapsed time 
is computed and compared with the 'durable life of 
' '■ parts so that the time and date of actual replace- 
' ment can be calculated and a schedule of niairi- ' 

40 tenance may thereby be derived. 

The art has recognized the 'potential advantage 
of providirig a 'cpmputer integrated maintenance 
system for a" computer integrated manufacturing 
system. Indeed. for a' k)phisticated computer in- 

45 tegrated nrianufacturing systerii, which controls 
many productibn machines in mariy production 
lines in one br more plants, it is' almost essential 
that maintenance be controlled arid scheduled by 
computer. Unfortunately, heretofore known cbrri- 

50 puter integrated rriaintenance systems did nbt intSI- 
' ligently integrate maintenance into manufacturirig. 
For example, in presently available computer in- 
tegrated riiairitenance systems, the computer may 
schedule a low priority maintenance operation such 

55 as an oil change for one machine in a production 
line even though a major maintenance operation for 
the production line may be taking place a week 
later. Similarly, a "point of ordering" system for 
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spare parts may order new. pai;ts when the number 
in inventory, faljs below the. njjrnber stored in the 
system, even though in reality the machine is 
scheduled tp.be replaeed, in. the near future. Simi- 
larly, a computer Jntegrated mantenanee system 
may prescribe a number. of maintenance operations, 
to be performed at one time even though insuffi 
cient manpower. exists for. perfomriing all of that 
maintenance at that time. . . .^ 

Accordingly. there is a need for an, ^intelligent" 
computer integrated maintenance , system - .which ,. 
does more than merely schedule maintenance by 
adding total accumulated hours and flseheduiing 
maintenance when , the hours reach a predeter- 
mined number. An -intelligent, maintenance system 
must also.: do more than merely function as.. a point ,: 
of order system to, order maintenance parts, when 
inventory.,fa!ls below a predetermined number. 

The need for an.intelligent computer integrated 
maintenance system haS; become mprejpressing aS:- , 
the complexity of computer integrated jmanufacturv 
ing systems :has,:increasedi As the number of ma- 
chines being contrplled,andr.the^number.of ,simulta-. 
neous nrianufacturing :!inesi::being:: contrpHed In-' ■ 
creases, it .becomes difficult for a .human to under- 
stand the oyerall work flov» in sufficient detail -to 
intelligently modiify , maintenance instructions gen- 
erated by a computer integrated maintenance sys- 
tem. Similarly, it is difficult for. humans to assimilate , 
all of the maintenarice data and intelligently modify 
spare parts ordering instructions generated by a 
point of ordering system. 

Summary of the: Invention 

An intelligent computer integrated maintenance, ' 
system is provided, f or:, use .with a computer inn, 
tegrated manufacturing system, where . the cprn- 
puter integrated manufacturing system includes a 
computer controller for controlling; many production 
lines, each , of .which , includes many production ma- 
chines for producing, a particular product. The man 
ufacturing, system cpmputer, .controller contains an 
electronically stored , master schedule file which in- 
cludes a schedule of actual-production and planned 
production for the production lines so that thefman- 
ufacturing system computer controller controls the 
production machines based upon the. planned pro- 
duction in, the, master schedule file. 

According to the invention, the computer in- 
tegrated maintenance system includes an electron- 
ically stored parts manual which contains a hierar-, 
chial listing of parts in the plurality of production 
machines: in the plurality of production lines. The 
electronically stored parts : manual does not merely 
contain a listing of consumable or maintenance 
parts. Preferably it contains a complete bill of ma^ 
terials for each machine in each line. The bill of 
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.,. materials Is contained in a hierarchial listing, which 
breaks each machine into assemblies and breaks 
each assembly into its subassemblies, down to the 
level of individual parts. Preferably, the electron- 
ically stored parts manual includes .corr^ponding, 
image files which illustrate the hierarchial listing of 
parts at each level. 

The intelligent computer integrated mainten- 
ance systeni. also -includes, a maintenance oper- 
: ations computer controller which is. connected to- 
. the electronically stored partS:manua|.an,d:is adapt- 
ed to be,: connected , to the master- schedule file. 
According, to the invention, the maintenance pper-- 
ations computer , controller . .includes :fouri.. sub - 
systems: :(1) a maintenance schedule management 
subsystenri; (2) an engineering change control sub- > 
system; .(3). a parts- manual management ,,sub- 
. system; and (4), a spares; inventory management 
: subsystem. , , _ 

The maintenance, schedulovmanagement sub- 
system generates a master maintenance schedule. 
The maintenance ; schedule management subr, 
: . system obtains .a schedule of actual production and 
:: planned prpductiQnvfpr all of the . production lines 
; from the master schedule file.. It alsojintertacestwith 
the parts; manual: .management subsystem to iden- 
tify parts in :the hierarchial listing, to be. maihtained: , 
during a predetermined time period, and. also , iden- 
tifies a con-esponding niaintenance time during the 
predetermined; time period: for each identified part 
based upon the obtained schedule of actual pro- 
duction and planned production. 

However., rather: than .generating maintenance; 
: orders based ^solely upon the predetermined time 
. period calculated, for each identified part, the mainr. 
tenance schedule , management subsystern of the . , 
present invention reassigns the corresponding ■ : 
maintenance, timesi for the, identified parts based ■ , 
upon the hierarchial listing of parts in the: electron- 
/ ically stored parts manual, so that losti production 
time for each prod.urtion line is reduced.., A revised 
schedule of planned; production, based on the reas- 
- signed maintenance times, is then .generated and 
communicated back to the master schedule tile in 
the computer integrated manufacturing system. Ac- 
cordingly, the plurality, of production, lines are con- 
trolled based upon the revised schedule of planned 
production to allow for maintenance activities while 
maximizing production. . 

;,According to the present invention, the main- . 
tenance operations computer , does not merely 
schedule maintenance time based upon the sched- 
ule of actual production and planned production. 
Rather, the: maintenance times identified during a 
predetermined time period are rearranged based 
upon the hierarchial listing of parts in the electron- 
ically controlled stored , parts manual to reduce lost 
production time for each production line. For exam-, . 
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pie, the production sch6dute' for each of 'the pro- ' 
duction line is analyzed! to- determine whether the 
line Is scheduled to be offline durihg a time interval 
which is ! sufficiently close to' the J^calbulatecl' ^main- 
tenance time to allow, maintenance to be pbistponed 5 
or moved fonwai-d to the machine offline time. « 

The present' ihvemibn 'realizes that productiori - 
and maintenance both compete for the use of 
machines, and accordingly schedules honKintieal • 
maintenance tasks for machine down tifhes- so thai ' io 
production time:; Is: maximized.i Similarly, . wheri' a- ' 
number of ; maintenance tasks; at a produdibri line- 
are scheduled for acshort-time interval, the hiain- 
tenance tasks are groupbd 'itogether so' that they 
may all be performed simultaneously .■ For example, 75 
a most critical maintenance task may be ideiitified - ' 
and all other maintehaiice tasks for the line may be' 
scheduled to be performed at the same tinie as the 
critical mairitenaince tasks. iDbwn tinrie is' thereby ■ • > > 
minimized:' s : i.- ^i f'i'igo- 

According to another ' aspect 6f ;the~'invention,« ' ' 
after a revised maintenance schedule- is 'caiculated,' - 
the manpower requirementf 'for peliofntiing 'the 
maintenance is calculated. If the manpower re- r 
quirement exceeds the available manpower, the 25 
maintenance tasks are rescheduled^in a'hierairchy' -' ■ 
of importance/criticality, so that a group of tasks 
may be performed with the available -manpower. ■ 

The intelligent computer - integrated ' mainten- 
ance system also intelligently schedules mainteri- 30 
ance at the end of the machine life: 'In particular, an 
indication is provided to; theJ computer integrated 
maintenancej system j when a rnachine 'is reaching 
the end of its useful life, either because the ma- 
chine is worn out or because the 'machine is '35 
scheduled to be replaced or modified" in ah up- - ' 
grade. The intelligent computer integrated' niain^ . 
tenance system postpones selected maihtenarice 
activity on machines which are scheduled to be ' 
taken out of service in the near future. 40 

The intellig'ent''cornputer integrated i mainten- 
ance systenri of the. present invention also allows 
iterative maintenance operations planning to '-be 
performed., For example, strategic, planning 'Of 
maintenance operations- for' a multi-year period 45 
may be performed in order to deternriihie manpower 
requirements, spare parts requirements, and abtual- ' 
production capabilities which include maintenance :.! 
time. Maintenance opisrations planning' may 'also be 
performed for intermediate range periods such as a * so 
yearly period in order; to detennine parts ordering 
requirements; manpower availability- and the like. 
Then, maintenance operations' planning 'may be 
.performed for a short range pei-iod such as daily, in 
order to generate daily maintenance schedules. ss 
Accordingly, maintenance operations planning may 
be performed in long-range, intermediate range 
and short-term iterations. 



As described above, the -intelligent compu^^^^ 
integrated maintenanbe system of the present in- 
vention also includes a parts manual managertienf 
subsystem which controls a parts manuat file, the 
parts manual- file contains a complete bill of 'rnateri- ' 
■ als for each production machine. The electrbnickily 
stored parts manual file does not nierely iriclilide - 
' consumables or maintenance 'parts. Rather, it in'-- 
eludes all parts In the rhachine in' a hierai-chiai ' 
listing, comnionly' using 5-6 levels of parts, so that 
a complete subsysteni descriptforj of the 'macFTihe 
is available. Preferably, an electi'bhically istored'irh- 
age of each level is also stored with the listing 'of 
parts so that maihtenahce palls can be ifientlfied - 
' and repairs are sihiplifiey. 'According to the' inv^ 
S tion. all parts^'in 'the^ hiefarchibar listing are cate- 
gorized as ' eithei- ' -"corisumablei";''- "replaceable", ' 
"generic" or "nbii-stbckM".''C6n"sunfi'able pdr^^^^^ 
those for-'whibh spiare 'paHs'plarihirig- is based on 
the number of hours used. For replaceable parts, ' 
the mean-time to failure- rate versus th'b' actual' run"' 
time determines the- maintehance' schedule.'' Fb 
generic parts such as '--screws, bijlk 'ihyehtdry'' is'' 
maintained and' a poirit of ol-dering'systerh^is'rusecl/ 
Finally nbn-stbcked ' pa/Is, which are typically '*n6t 
maintenance parts, are typically' 'hbt'stbbked -ahS 
are not ordered Liiitil actually 'needed. 

The electronically storiBd parts rhanual file "rhay 
include more thah'one part riunriber for each part ih 
the system; In particular'; each iSart 'may- inblij'de^a 
"generic parts' identifier" oi- "iriternatiohal part 
code" to indicate' that a generic, bfteri less experi--' 
sive industry standard part nriay be used instead of 
the manufactui-er's specified part number. Also, a 
"substitute part number" may -be used to indicate ' 
that more than 'bhe part may be used in the par- 
ticular maintenance operation. Also a "changed 
part number"-may be Used to irii3icate that as of a 
certain date; oi- other change criteria a i^evised part ' 
nurhber should be used as part=6f an "engiheering 
change control" procedure desbribed below. Th'e 
electronically stored parts nianual may "be 'down- 
loaded to local computers Associated with each 
production ma'chine so that a hierarchical descrip- 
tion of each associated produbtibn' machine - may 
t)e found in its associated computer.' The electi^oh- 
ically stored parts rrianual may also be included in 
a personal computer, on CD-ROM br other storage 
means. The electronically stored parts manual'tfiay 
be included in the same corriputer as the intelligent 
computer integrated maintenance system^'or in a' 
separate computer therefrom. ' 

The spai-e parts inventory management sub- 
system of the intelligent computer integrated main- 
tenance system allows ordering of spare parts 
based on predicted maintenance, rather than' on 
the prescribed inventory levels. Spare parts bud- 
geting is also accoriimodated; According ' to the 
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invention, generic, parts are ordered using a cpn- 
ventional . order , point system when the, inventory 
quantities fall below a predetermined order point. 
For replaceable parts, however, the parts require- 
ments are calcul^ed based on time phased manu-. 
facturing rpqu|rements,,and mean-times, to failure 
The automated parts mariual file is .used , to extend 
the production plan , to parts repjacement. A re- 
quirement is . generated to., replace a part in the 
week that it; yyill ^exceed its. rneajT!-time, tOifailurei 
and order fprtps for, tfie parts are generated, or the . 
parts may be ordered electronically. . 

The engineering;, change control management 
subsysteni interface.?, wfith an engineering , change 
control file Jn, the. computer, integrated: manufacturT 
ing system in order to intelligently, accommodate 
engineering, changes. The. engineen^ 
trol file indicates engineei-ing changes, to be made 
in the productipn, rpachines in order to.upgrade the 
machines or; reconfigure^, the RrtHJuctiqn^ iTiachines,, 
to produce, new, .products, Jhis; schedule of en- . 
gineering changes, is,, integrated intp the mainten- 
ance sched4le, management subsystem, the parts 
manual management, subsystem and .the - spares 
inventory managernent subsystem, kor exarnple, at 
the end pf.anriachine's^usefuf life, scheduled,,main-, 
tenance is postponed or eliminated. Sirriilarly, ' 
maintenance , parts ar^ not, ordered for these ma- 
chines even,, though inventory falls below a pre 
determinedjeyel, to allow .for depietipn of inventory, 
when the, machine;, js te^ off line. According to 
the invention, engineering changes may be phased 
into maintenance,^ pperation ,,by controlling the, 
phase-in by a specifi^, date, by, a specified spare 
parts inventpry level, or by assigning engineering 
changes to be, made by a specific maintenance 
request. , . ■ . . V 

The computer, integrated maintenance-system 
and method py he present, invention allOAvs rnain-, 
tenance operations to be integrated into production 
in an intejiigenj,, manner., \^ 
efficiency is maximized as, is the, usOj of, ayailable 
maintenance manpower, Engineeririg changes and 
machine upgrades are easily accommodated arid, ^ 
spare parts inventory , is kept at a minimum with 
minimum vyasle of spare parts. ; : , .. 

The computer integrated .maintenance system: 
and methodj of the present, inyenfc^ not be , 
used in a production . line environment as described 
above. Indeed, the .computer integrated mainten- 
ance system and method of the. present invention . 
need not be used in connection with a computer, 
integrated manufacturing systern, or in connection 
with manufacturing at all. The computer integrated 
manufacturing system and method of the present 
invention niay, be .used in. connection with any 
collection of machines or apparatus which are used 
to perform; a primary or main function and also 



require maintenance. Such a collection of machines 
, wll be referred to herein as a 'complex?;f. : 

A "complex".;, accordingrfo,, the present inven- 
. r tion, mayr include a production, line,!;as, .d^ribed 
5 above. A complex may also, ri.nclude, a . plurality , of, 
independent machines whichiare, not structurally or 
functionally interconnected in a.,production line. For 
example,! the present invention may be used to 
control nriaintenance in la machine shop having; 
10 niany independent machine, tools,. ; , 

A "cpmplexr, according :t0;: the. present invew: 
tion, may. . also , include machines ^vhieh i are , no^ 
related to , production or manufacturing .atoall. For 
example, an airplane or. autoiTiobile fieet oprerated 
rs by ,an airline,^ car rental . agency, corporation . or 
government :agency is a co.mpjex,. according to the 
present invention,, because thesairplanes onsautb-, 
mobiles have^va iprimary function rbut .alsodh^e: 
maintenance, requirements. rSimilarly, a; Ibuilding 
20 , may, include a bank of elevators which also have, 
V , nriaintenance -.requirenrients. jffie present invehtiori 
.1 may be used to.,i[ntelligently ;control airplane, :auto-i. 
mobile or elevator maintenance^, consistent with the, ^ 
primary funcUon. , , , . ; 

Brief Description of the Drawinns 

Figure 1 is,a,schematic;;block>diagram of tho; 
intelligent computer integrated maintenance system 
30 of the present invention. , : : . 

Figure 2 is a , block diagram- illustrating ;then 
results of planning and scheduling , of ;maintenance 
operations by 5 the maintenance schedule; manage- 
ment subsystem. of Figure, 1=,,f;i, i ; 

35 Figure 3 Illustrates a schematic example of the 
parts manual file of Figure /!. ,! ,i 

Figure 4 illustrates,;an example of the, engineer-: 
jing change .. control- process^ according: to ;the ; 
, present inyentipn, ■ • , ;• 

,40 , Figwe 5 is a block diagram of the maintenance: 
schedule management subsystem of Rgure l ;!!; 

Figure s illustrates the operations,perforrned;by 
the maintenance schedule management subsystem 
of Figure 5 forftong-range maintenance planning. 
45 Figure , 7A-7C illustrates the operations, per- r 
formed by the. maintenance; schedule management ; 
subsystem of Figure; 5 foryyearly maintenance) ; 
planning. . .. ,-, «i ^ , ... .,.;|, 

Figures 8A-8P illustrate an example of ttie; op- 
.50 eratipns of Rgure,.7. , . . , 

Rgure 9; illustrates the operations performed by . 
the maintenanceischedule management subsystem; 
of Rgure 5 for daify. maintenance scheduling. 

Rgures lOArl.OD illustrate the hierarchical list- 
55; ing of the.parts manual file of Rgure 1. 

Rgure .1 1 illustrates the operations performed 
.by the engineering change control management. 
; subsystem of Rgure 1. , ,, 
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Figures 12-14 illustrate ■ an example~6f updating - 
the parts rfianual file during the opieratidris of Fig- 
ure 11. ' ■ • ■ ■ ' ^ ■ ' 

Figure 15 illustrates the layout of the parts' 
master file'according to the'preseht invention. 5 

Flgure'16 illustrates the layout of a parts list file 
according to the present invention. ' 

Hgure '17 illustrates the layout of ah engineer- 
ing change notice file according to' the present 
invention. ' id 

Figures '18^22 iiliistrate an exiarhple of changes ■ 
made to the parts manual file durihg the operations 
of Figure 11V > i ■ ' 1 ■ ■ 

Figures 23 and 24 illustrate the operations per- 
formed by the' engiheei-ihg' change control niianage- 75 
ment subsystem ? of Figure '1' to accomplish the 
changes illustratecl' in Figures' 18^22. 

Figure 25 illusfrates the steps in updating the 
parts list. ' ■■■■■<■ ■■ ■ ^ -s 

Figure 26 illiistrates • an--'exam'ple of ■ an active^' - ^20'' 
parts list according to the present invention. ' ' 

Figure' 27 illusti-ates the- opei^atiohs performed 
to close an engiheerihg- change huhnber''dccbrding 
to the present Ihventioh.''" •; ' ' '' ' 

Figure 28 illustrates' the 'overall sp'ar^ parts 25 
planning cycle according to the present i^ ■ " ■ 

Figure-'29'illustMfesr''an6ther ;e^ the 
automated parts mahiiar of th^ 'present inveritidh! 

Figure 30 illustrates the detailed operations to 
calculate the time phase replenishments of Figure 30 
28. ■ •■■ • ■■■■ ' ■ ■■■■• '.^ ■ 

Figures 31 '^33 illustrate "an example of the oper- 
ations of Figure 30: ' ' 

Description of a Preferred Embodiment ■" - ' 35 



The present invention'' now wriir be desci^ibed' 
more fully hereihaftei" with reference to the accom- • 
panying drawingis; ih' whicH 'a preferred 'ei^ 
ment of trie invention is-shown! This iriveritioh may; 46 ' 
however, be ernbodiedMri rnany different forms arid 
should not'be construed as limited to the emtjodi- 
ment set forth herein; rather, this erhbodimehf is 
provided so that this disclosui'e will t)e thordugh 
and complete, and will fully' cohvey the 'scope of 45' 
the invention to those skilled in the art. Likd num- 
bers refer to like elements thi^dughoiit. i' 

INTRODUCTION AND OVERVIEW ' 

50 

Referring now to Figure 1, the overall design 
and operation of an intelligent computer integrated ' 
maintenance system 1 according to the present 
. invention- will' now be described. The intelligent 
computer integrated rriaintenance sy stern of Rgure 55 
1 is designed to operate in conjunction with a 
computer integrated manufacturing system 10, 
which includeis a manufacturing operations control- 



ler 11. Howevei-; it will 'Be understood by those 
• having skill in the art that th& systenri of the present 
invention ' may be ' used to control maihtenahce in 
any "complex"; defined-as'=a collection of machines 

■ having a pnrhary function arid "maintenance require- 
ments. Ill Mhe preferred embodiinheht described 
herein, the"' complex is a plurality ' of production 

■ • lines. •■■ ■ ' 

The intelligent computer integrated rnainten- 
ance systerh 1 of the pl-eserit invention may 'op- 
erate in combiriatibh'- with the cornputer integrated 

■ - manufacturing 'systeni'-lO described iri' U.S. -Patent 

4,827,423 to Beasley et al;, assigned' to the as- 
signee of'the-'isreseriit inveritibh; the disclBsure of 
which is hereby incorporated herein by fe^^ 
The Beasley et; ali patent describes the detailed 
design arid 'operation df corfiputer' integrated rnari'u- 
facturing system 10: In particular, the design of 
manufacturing dperatidris cdntroller 11, correspond- 
ing -'to "LevSl 'lll" and "Lever IV" comjDute^^^ is 
' described-iri'detail ih -the' Beasley et al. patent and ' 
will not be 'described iri detail thereiri.' ' ' • 

Manufacturing, b[ierati6ris cbhtrdller' 11 -gener- ' 
ates a nfiaiker pi^bductibn ' schedule file 13; cor- 

■ resp'ondirig-'to' the "siihbdulirig systerifi" and "plant 
schedulirig system"' in';the 'Lever IV arid Level' III 
computer - systerTis bf the Be'asley -et al. patent. ' 
Manufacturirig opei-atioris coritroller 11 also gen- 
erates an erigiheeririg change control file 12 cor- 
responding to' the' "change bi'dbr file" in the 

' Beasley etal; pateriL It will also be undeVstodd by ' 
those having skill in the art that engineering 
changes cbritrol 'file, -which is generated 'separate 
' from the hdariufacturirig operatioiis coritrbllei',' may 
" also'be provided; ' ' . : 

Manufacturing- operations controller 11- is de-' 
signed to control ' a plurality of ' prbductibn'-corii- ^ 
- plexes. In Figure 1i;' com|Dlexes '14A1.;14N rriay 
each be thought of as a production' -line' which'' 
includes a ^'plurality of prbductiori machines ' 
15A...15N, 16A...16N for producing an interriiediate'' 
or finished product. -As shown in Figure 1, the 
complex's rriachiri'es are functionally iriterconriectetd ' 
so that if one machine in the complex is 'uriavaii-' 
able due to a failure or due' to rhairiteriance activity, ' 
the entire corriplex is unavailable fot^ production, or' 
the production capacity of the 'coriiplex is liniited. 

The iritelligent c'bmputer integrated mainten- 
ance systerii'1^-bf the present invention includes a 
maintenance operations cbiriputer controller 2 hav- 
ing four subsystehns therein. These subsysterins 
are the rinairitenance schedule managemerit sub- 
system 3, the engineering change control manage- 
ment subsystem' 4, the parts rrianual management 
subsystem 5 and the spares inventory manage- 
ment subsystem 6: Each of these subsystems will 
be described in detail t>elow. Their operation may 
be summarized as follows: 
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Maintenotfice ..schedule subsystem, 3 obtains a 
schedule .of actual production and planned .produc- 
tion for the complexes, from .the master.productipn 
schedule-file 13. .Parts, to,to, maintcunW during^ a. 
predetermined ,tinrie., period and^ a 
maintenance^ time , during ;; the , predeter^ time 
period for each part are .identified, based upon the 
obtained schedule. The maintenarice schedule 
management , subsystem..,produce^ ,a reassigned 
planned ppdu^ion .sclieduie and this, 
scheduled master production schedu!e,fije'i3. . , 

Engineering change: cpntrolmanagementiS^^^^^^ 
tern 4 incorporates :the;,erigineering,changes^ 
are included . inpenglrieeringj .change control If 116,1 2v 
into the maintenapce schedule. According 
tenance of ^existing .produtrtion: rn^^ isHntelL, 
ligently scheduled;^ based.,'cf^ engineering I 

changes for the.productlon. machines. , ; 

Parts rnanual management subsystern , 5 is .de-; - 
signed tO; operate wifh- an electronicaHy:;^ 
parts manuahfile^l which eonteinsria hierarc^ 
listing of all parts in the productipn machin^ in .the 
complexes.. The .parts. listlng; does -riot, rnerely inr,^- 
clude maintenance ^rcpnsurnable p^ 
a complete .bill; of, materi^js .for eacK^prod 
machine.; Preferably,, accompanying; each ;biiL of 
materials is, an image ,of the, associated bi)l of 
materials. For a typical machine 5-6 levels of ma- 
terials are.proyided,with .the highest level, being tte 
part number for the .ent|re machinp, and the Ibwest . 
level beingjthe lovvest. replaceable part level.for tKe 
machine. 

The parts .manual file 7 enables . the main- 
tenance sphpdule: managemerit subsystem 3 to tie 
together maintenance events scheduled for diiffer-. 
ent parts of a particular production machine. In a 
complex,. ;S0 that maintenance, operations for a 
complex .^are intelligently grouped -together, to re 
duce, and preferably to minimize, .downtime of a 
complex. The parts nriangal management system 5 
also interfaces witli,.,the eng change control, 

management system 4 so that an,accurate parts.,, . 
manual file.-incorporating, engineering change .con- ! 
trols may .be.maintained. , . 

Spares, inventory management , subsystem 6 is 
designed to operate .with ,a spares inyentprx ,8 , . 
to manage ordering and inventory ^of -spare Mparts.. 
Spares inyentpry management system cooperates 
with the parts manual management subsystem 5 
and the erigineering change control management 
system 4;,sp, that, spare parts,.are ordered.- based 
upon an accurate list of .parts in the parts manual 
file. When possible, generic or substitute parts are 
Qrdered rather than manufacture-specific parts. Fur- 
thermore, inventory management takes into ac 
count expected engineering changes so that un- 
usable spare parts inventory is minimized. The 
spares inventory management subsystem 6 gen- 



. erates orders for parts based . upon the .rnainten- 
• .anceschedule.generated-by.mairitenance;^ 
, management subsystem 3. Generic par^ are typi- 
, cally ordered using a , point of. order , system in 
5.. . which additional quantities of .parts are^ prderw) 
■ ■ ' ^"^sn the quantity ,pr) hand is.less than aipr^defiri-! 
ed number. In contrast, nongeneric parts are pr- 
dered on a pne-byTone .basis based on the ex- 
pected maintenance to be perfonned. Accordingly,., 
70. inventory of these parts is minimized. 

tt will be understood by those .haying . skill .in, 
, , the art that maintenance, pperationsicomputer pdri- 
troller 2 is preferably intiplemented by a computer 
program running, on a stored, program corpputer, 
./5,. wiUi subsysterns, 3, 4.. 5^ 6,,teing^^ 

which rua oof the maintenance operations, . cpm-;; 
! , >, puter. However, it will also be understood by.thpse ' 

Slaving skill: iri, the art that each of subsystems 
M , 5, and 6 may run on a separate computer, inter- 
,,20 , connected, using a common data.bus. Parts. manual.^ 
. : file 7 and spares inyentpry file, typically are, files^on ! 
, a magnptic. or. optical storage,.vsystems. or other s 
well-known non-yplatile ;Storage^means. it will,.alsp7 
be understood by those having skill'jn, the art , that 
:25. the intelligent cqrnputer. integrated:, rnairitenarice ; , 
; system 1 may., to implemented, on 
, : puter system with computer; infegrated manuf ^urr, '1 
■ ing system 10 in an ihtegrated eomputeriintegrated 
manufacturing/maintenance .system. For multiple 
.30 complexes, the maintenance , operations, computer 
controller 2 is typically implemented using a main- 
frame computer :such as an, IBM.,3090,. Hpw^^ 
,^ .y one or more personal computers may also be used 
for one or more of the subsystems or the eiitire 
, 35 maintenance system. ., 

The detailed hardware and software design of 
• the intelligent computer integrated .maintenarjce 
r : : system of-ttie present invention will-depend pnll^^^ 
, , . number and complexity of complexes being ,,cpn- 
40 trolled. th©,.nurn.tor. . of functions .desired, :th 
; .; able coniputer.resources,; and, a, number of .pther 
factors well known, to thpse. having skjll in the art. 
The following^ description of the intelligent cpm- 
. . puter integrated , mainteriance .system. will enable; 
.45: those skilled, in the; art to implement .a system-, 
. which can - be Integrated with knpyirn computer in- , - 
tegrated manufacturing systerns. . 

OVERVIEW: MAINTENANCE . SCHEDULE , MAN- 
50 AGEMENT SUBSYSTEM 3 ~- — 

An overview of the pperation of the mainten- 
ance schedule management subsystem - 3 (Rgurp 
. , 1) will now be descritied. Maintenance operations 
55 fall into twp, categories: planned and . unplanned , 
(emergency). Unplanned emergencies, occur when 
a machine, breaks down or is producing popr qual- 
ity products., One feature of the present invention is 
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that unplanned maintenance operations may^ibe 
entered into' the systenfi, atid planned maintenance 
operations which are scheduled to occur withiri a 
predetermined time period of the 'Unplanned main- 
tenance may be implemented during- the unplan- s 
ned maintenancei. In other words, wheri -the com- ' ' 
plex is unavailable for production due to an unplan- 
ned maintenanice ' iictivity, planhed maintenance ' 
which can be accomplished simultaneously is also 
performed, so that the complex need not be taken ^ io 
off line a second time a short time latier to perform 
planned maintenance operations. ' ■ 

Planned maintenance may be "tinrie depen- 
dent", such as an oil change every three months' 
regardless' of ' hours used; or "usage deperiderit" 75 
based upon 'actual run hours,' such as'-ia visual 
inspection performed every fifteen hundred produc- 
tion hours.' One other form of plahned niaintenance 
is a Mairiteharice Improvement Gommittee (MIC) 
directive which is a major event' such as a machine 20 
upgrade. vir '^ .. ^ 

The niaintenance 'schedule' 'ifianagerhent sub- 
system 3 controls tirne depehdeht events 'using a • 
regularly scheduled (RS)*'maintenanc:e file in the 
maintenance' operations eonnputer controller 2. An 25 
RS record'is established for each '-produetion ma- ■''■<" 
chine and the tirhe inteWal for a- maintenance bp-' ' 
eration is coded in the RS' record. This inforrtiation 
is used to time-phase - futui-e time dependent 
events. ■ ' ' ' ■ - ^ 30: 

Usage 'dependent events are cohtrolliBdi by the ' 
master rriaintenahce schedule 'file 13. Actual ruri 
hours are maintained by complex. Future run hours 
are derived by accumulating- the planned run hours 
by complex based on the planned schedule. This 35 
information is used to determine the timing of fu- 
ture usagedepehdent maintenance events. 

Maintenance Improvement Committee (MIC) 
directives'are events developed' by the'en'gineering 
maintenance improvement committee: These direc- ■ to 
fives include items such as machine conversions to 
produce different products, machine upgrades, pre- 
ventative maintenance trials, machine overhauls or 
machine relocations. Maintenance improvement 
committee diriectives' are established by entering a 45 
planned maintenance request iri the maintenance 
operation's computer controllei'. Plahned mainten- 
ance requests are used to tinrie-phase future main- 
tenance ihrtprovement comniittee directives. 

It will be Understood by those having sl<ill in so 
the art that.the complex is the common denonriina- 
tor t)etween maintenance and production: In the 
embodiment of Figure 1 , when maintenance is per- 
formed on a piece of equlpmerit in a complex, the 
entire complex is inoperative. 'According to' the 55 
invention, all planned maintenance operations are 
grouped by comjjiex. Each production machine 
within a complex may have a different time-phased 



maintenance operation to perfoirri; According to the 
invention, to minimize complex down tirhe, these 
operations -are cooi-dinated so that multiple - main- 
tenance operations are peilormed' simultaneously. 
For example, brie machine in a complex may be 
due for nriaifitenance oh a particular Monday while 
another machine' in the sainrie complex 'may have 
time-phased preventative mainteriance-'due'on the 
following 'WedhesdaJy. According to the invention, 
both maintenance events are rescheduled based 
upon the iiiost critical imaihtelhance - to be T5er- 
formed. ■ ' -'■ ■■ ■ '' ■ " ' ■ 

A work plan Stating; the stejpis to be peHoi-med 
for each planned maintenance operatidn i^ Creiated 
by the maintenance schedule iiiariagehierit sub- 
system. Tiriie-phased events are extended by the 
work plan to calculate the man' hours, by labior 
grade and rtiachine^hour' down time required to 
perform each tiask.-'The tirhe^phase man'hdui's are - 
then compared to the' man hours available for-each ■ 
week. Man hours availabte "can be defined as the 
total maintenance hours (iriairiteriarice staff rhutti-' 
plied by the hours of' the week) niinus'the time' 
reserved for unplanned or erriergency mainten- 
ance. For exairiple; If ten erinplbyees perform full 
time maintenance activities- and there al'e 40 hours 
in a week, then there are 400 total maintenance 
hours available per wfeek. If a 40% contingency 'is 
reserved for unplarined' maintenance; then 1 60 of 
the 400 hours represent unplanned hours and 240 
hours may bb dedicated foi" planned events. ' 

Time-phased planned events ' are then - re- 
scheduled based dh the ciiticality of the event and 
production requirements'and the following activities 
take place: the complex is scheduled for down time 

■ so that the planned maihtenahce' operation can'be 
fjerformed; The maintenance schedule is passed to 
the master -production' schedule file and the com- 
plex is removed' from the available production ac- 

■ tivity. The'i'hiaihtehahce request is downloaded to 
the computer 'at the complex. (The computer at the' 
complex 'is described in the above' mentioned ■ 
Beasley et al:' patent.) Mairitehance requests are 
also used to record unplanned or : emergency hiain-' 
tenance operations. Planhed maintenance events 
may be perfomried" when the machine is down for 
unplanned/emergency repair '''Overall complex 

■ availability may be improved -according to the in- 
' vention by performing the planned maintenance 

while the complex is down. The time-phased 
planned rhaintenahce mari hours plus the man 
hours reserved for unplanned maintenance activi- 
ties are extended by the hourly rate to calculate 
the annual maintenance budget. 

Figure 2 illustrates the results of planning^ and 
scheduling of maintenance operations by the main- 
tenance schedule management subsystem 3. As 
shown in Rgure 2, the time dependent mainten- 
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ance requirements are calculated in terms of toth: 
man hours .and, machjne. Iiburs on a per week 
basis. The usage dependent man hours andj ma- 
chine hours are also calculated based on the mas- 
ter production; ^schedule, file 13. Maintenance Im- 
provement Corpmittee directive changes are also 
calculated in terms, of ..man ghours and machine 
hours. Then, the,tptal.;C^dtyi required;inrterms,of 
man hours and machine .hours is . calculated; for 
each week. The total, capacity required isjthen 
compared to the hours ayailab!e,r,lt,.will, be under- 
stood that the total hours include a 40% reserve for 
unplannedrrpaintenance. • Subtracting the hours re- 
served foj-vunplarined .maintenafice yields the ' re- 
maining hours whiGh,.Gan, be. schedul^^^ shown 
in Rgure 2; it is , assumed, that 10 man. hours and 
10 machine hours are available for planned main- 
tenance. It wilf be, seen that ...week . one includes ja . 
one rnan.rhpur,xapaeity shortage, week, four /pro- 
duces a seven man-hour andrtwp, machine, ho 
shortage, and week; twenty-six prpduees-a ten man 
hour and seven machine hour, shortage. 

Then, :,according .tp: the. invention, the main- 
tenance requests are rescheduled in such a way 
that the .nian hours and, machine hours are re-: 
scheduled; to accornmpdate these; shortages. Ex- 
amples qf-;^Reschedulingv6perations? a^^ illustrat- 
ed in Figure 2. ln ,operation,^(a), ifour hours of man 
hour capacity shortage ,in week four .are moved to 
week three.- ln;,operatipn ,(b), ;pne hour of man hour 
capacity in week one is; moved to week two along 
with the three renriaining hours of the -shortage from 
week four. ln operation;, (c), two hours of machine 
hour shortage, is moyed. from week four to week 
three. In pperatton (d), six ihours of man hour ca- 
pacity shortage in week twenty-six are moved to. 
week twenty-five, j In .operation <e), , four .hours of 
man hour eapaeity shortage in yvpek twenty-six are , 
moved to i^veek twenty-eight.,. In pperationi (0, six 
hours of machine :hour capacity shortage .in week - 
twenty-six are moved, to week .twenty-five. Finally, , 
in operation -(g). . one hour of the machine hour 
capacity shortage in week >fenty-six, is, moved to 
week twentyrseyen, and the . due dates in all main- 
tenance .requests , are ^changed tp,;,match the rer 
scheduled times. Accordingly, by rearranging the 
maintenance events, all planned maintenance and , 
production can be accommodated with the, avail- 
able resources. ^ ... 

OVERVIEW: , PARTS MANUAL MANAGEMENT 
SUBSYSTEM S ~ — "T 

. Equipment vendors typically provide a parts 
manual for each piece of equipment they sell. The 
parts manual contains engineering drawings and 
parts lists of all components used iri the equipment : 
and describe how ,the equipment is assembled. 



. . .. . When nfiaintenancer:.is.: perfonrned or . engineering 
changes are planned, the parts ^manual provides 
. essential .reference information; . . . 

The parts manual , file ,7 (Figure 1) , of the 
,5 present invention is .a bill of materialr.cepresentation 
of the vendor's, parts manual. The. parts manuaj .file 
organizes, all vendor ,part manuals .for, a .particular 
complex..This provides a m.ulti-level ,bill of, material 
^ for the equipmentin each.complex.iffigure S.prpr^ 
JO vides an,example -of a parts manual file for a 
complex denoted 86-4A-1. J ^ . 

Referring to Rgure 3 it. will be . noted . that;^^^^^^^^ 
parts that .comprise, a piece of equipment are main- 
tained in , the parts-.manual .file, .not merelyjthose 
75 parts which .are-cpnsumables or maintenance. parts 
Accordingly, the.parts}manual fileiContains a hierar- 
chical listir>g, of, al^parts .in .pach,nnachine- in the 
.plurality pf production cpmptexes.As; will be de 

■ V scribed below, , each ^leye^,pf;f parts in the ..parts; 
20 manual file is prgferably aGcpmpanied by a graphic 

image illustration of the interrelation of those parts. . 
All of. the parts..lhat .comprise 3 : piece;pf equ 
. "lent, and ^hjch iare.inc|uded ;in,tfie . parts, manual 
file, may be divided, into, four categpries:; consum- 
es, able, replaceable, generic; .ai^dvnpn-stcc 

• sumable. parts, are, tfrose . which, are, consumed 
the production process but not maintained, on a list; 
of materials required, to producesai product- Sorne i 
exampies inclLide printing dies, jtape. belts and cut-. r 
30 ting^blades. Because parts of this type must be 
3 i, replaced cwhen they wear out or are used up, they 
are listed as ,component items, in the parts manual, 
tile. According to the - inyentipn. spare parts planr 
ning for consurhableifparts is*based ;on futur^e run . 
35 hours as deternilned; by -the maintenance^schedute , 
management subsystem. 3.: For example,^ tape belts V 
are replaced at the ,JDeginning;,.pf .each production 
shift. Therefprei,,,,each scheduled, complex . rnust ^ 
have a set-pf tape. belts for each , production . shift 
40 i scheduled,^.;;The total; number of tape, belts, require^d 
to support the. planned schedule provides themum- , 
. ber of belts required- pach,day, week or month. , ■ 
. ■ , Replaceable parts., are those, which have , ari 

■ extended life but- are subject tor.wear.prrrfailure. 
45, B<amples includejfans, motors, shafts arid drives. 

These items have .a. mean-time. failure rate; which is 
initially provided, by, the machine vendor, who is, 
normally the supplier of replacement parts. Accord- . 
ing to the invention, actual ruri hours and future run 

50; . hours for these, ,, parts :are determine ^ frorn , the 
^ master production, schedule file and compared to 
the mean-tjme failurei rate tp determine, projected 
parts replacement. When ithese; parts are. replaced, 
the actual run hours are setto zero and the accu^ 

55 mulation cycle begins again:. The, replaceat)le part 
infonmation (including for example, complex equip: ... 
ment number, maintenance request number, accu- 
mulated hours and other pertinent data) is saved in 
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a parts history file described Below. Statistical ana- 
lysis is applied to review the mean-time failure rate 
for the part in this complex! If a vendor supplied 
mean-time failure rate is available, it is reviewed 
and modified when necessary. When no veridor 
supplied rate is availaible, a historical mean-time 
failure rate will be calculated based on parts history 
information; The parts manual 'file also' provides 
information on r^placeirieril parts which are still 
under warranty by the' vendor, this visndor's war- 
ranty date and/oi" warranty hours are maintained for 
the warranty comparison. 

Generic parts are those which' are used by 
many machines iarid include such 'iterris as ■nuts, 
bolts and washers; These parts are maintained in^ 
bulk and issued as required. These items are car- 
ried in the parts manual file for reference. • 

Non-stocked parts ihclude'the machine frames, 
doors, and other items ' which are not likely -to 
require replacement due to failure or mairitenarice. 
These item's are carriecl in this parts manual file for 
reference. 

The vendor's supplied engineering draiwihgs, or 
"exploded views", are stored as graphic irhages on 
magnetic or other media linked to the correspond- 
ing parts lists in the parts manual file. This enables 
a repairer or nriaiii'tainer to request the parts' list for 
a particular' drawing, oi- request the drawing for a 
particular parts list. 

The part number listing in the parts manual file 
also cross-referehces the vendor part nurhber to an 
internal company part numbfei^, 'spares inventory 
system part number and an industry standard part 
number for generic'' parts or other parts where 
possible. In addition, the parts -nianual file can 
display multi-level parts' listings, "part where used" 
information," suririmarized parts listings and engi- 
neering di-awing arid/or component parts associ- 
ated with -=3 periding erigineei-ihg • change noticel 
The parts nfiahual' file 7 is' maintained in a cehtral 
location and may be distributed. A copy may be 
provided for each complex cohtaihin^ only those 
production rhachines in the particulair configuration 
found in that complex. Tfiis copy may be contained 
in a remotely accessible- personal computer having 
a CD-ROM. ' 

It will be understood by those having skill in 
the art that under certain cii'eum stances it may be 
necessary to procure replacement parts prior to the 
modification of the parts manual file. For example, 
in an efficiency upgrade program, replaceiiient 
parts may be identified for the improvement before 
the sequence in wfiich complexes are to be modi- 
fied has been determined; Another example is 
when an improvement kit has been obtained' but 
the engineering drawing is not yet available. In both 
cases "Planning Bills of MateHal" provide a meth- 
od of identifying the replacenient parts and timing 



associated with an imjarovement pi-b^iram. the en- 
gineering depiartnrient' can create a plianning bill for 
engineering ' changes without mbdifyirig - the jsarts 
" manual file.'" ' ' ' ■ • 

5 The plahriin^ 'bill lis used to evaluate machine 

modifications and plan for tfie stocking of new 
machine parts. For exarhple, if a machine upgrade 
requires that fifty new parts are to replace forty 
existing parts on various locations of the macKihe,- 

70 a planning bill listing the fifty new parts and *the 
forty old parts is created. The plan may be cqSted 
and sevei''al implementation ' "p^ pro- 
posed. The planning bill may be useiil to 'schedule 
the time-phased parts delivery. Obsolete parts, i.e. 

75 those which are to be replaced, are phased 
according ' to the -planning bill. The actual imple- 
mentation of the project is doiiie through tfie' parts 
manual file under engineering change cbhtrol as 
described below." The "planning bill is' rerrioved 

20 upon corfipletioh of the project; • ; ■ ■ 

OVERVIEW: ENGINEERING CHANGE CONtROL 
MANAGEMENT SUBSYSTEM ' 

25 The Erigiheerihg Change Control Managenierit' 

Subsystenri 4 (Figiii^e' 1) maintains the pafts' manuar 
file 7 using ehgihieririg chOT cbntt-ol proc'edures? 
Engineeririg drawings and parts lists are added, 
changed or deleted from the parts rtiahual file 

30 based upon one of the "effectivity" control tech- 
niques described' Below. -^-i-. -.i - ■ 
The most comhnorily used effectivityT' cohtrbr 
technique is a "specified date", foi''''exarn'ple:'' bri 
April 15th, part A wilf' Be replaced by part -B. 

35 Another effectivity control tecHhique is "spare' parts 
inventory use-up". With this " technique; part B is 
issued when part A is no longer available. ECN 
control will ensure that part A is 'no longer brderedi' 
Effectivity- ■ cbhtrol can also be tied to' -a' mairi- 

40 .'teriance ireqijest "seriar hurfiber". When"thisi tech- 
nique is used a particular change is implementbd ' 
beginning with 'the mairitenance request nurhbei'- 

• specified and therii' 'applied to all subsequent rnain-- 
tenance requests. ' ■ - ■ ■' ■ 

45 Engineering change control is the comrri'uhica- 

tion of equipriibht changes to the production flobi^.' 
When equipment chairiges are requiredrthe parts 
manual file' is upidated' by inserting, changing br'^ 
removing drawings and/or parts. The engiheei'ihg 

50 change control process Is corhpleted when the 
required changes have been irriplerhented and the 
maintenance request associated with the modifica- 
tion is coniplete. 

The erigirieering control process is illustrated 'in' 

55 Figure 4. As shown in Figure 4, part A in complex 
86-4A-1 is to be replaced by part B under en- 
gineering change control No. 123. Maintenance re- 
quest nurnber XXX is performed by issuing part B 
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from spare parts . inventory to complex 86r4A-1. 
When maintenarice request number- >6o< is closed. , 
i.e. the work iSh completed, engineering change - 
control number 123 is also closed and the parts/r- 
manual file Js .updated to reflect the implementation .' 4 ts 
of engineering change, control number 123. UpJ^ 
dates to the parts manual file, including a bill of ' . 
material and an image,of .the -drawings, are. trans- ^ 
mitted to the plant which includes the machine 
which has been updated. 

OVERVIEW: SPARES INVENTORY MANAGE- 
MENT SUBSYSTEM JS" . , . , ' 

The SRares.Jnventory Management Subsystem / 75' 
6 controls the ordering of spare parts, According to , ; 
the invention, generic items such 'as nuts^ bolts and 
washers, .are reordered using a typical .'"prder 
point" technique. In other words, when the^ciuantityl. ! 
on hand falls below a predetermined order point..a: 20 - 
replacement order is generated for a standard or- 
der quantity.. , - !, , . 

Replaceable parts are ^managedi using itirrie^ ^; 
phased requirement techniques. The planning cy- 
cle consists, of three steps. First.: the -time^phase 25 
parts requirementer are cajcylate^^^ These requice. / 
ments come from three sources: parts required to 
support time-phased niaintenance requests! parts, 
defined on planning bills and .anticipated- parts re 
placement .due to parts exceeding the mean-time , 30 
failure rate. Anticipated parts replacement.;takes the 
current production: plan .for s each cprnplex and ex- 
tends the , plan through the hierarchical description 
in the autornated parts rnanual. The planned run 
hours for each week are added to the actual run 35 
hours. A requirement is then created to replace the . ■. 
part durir\g the-;W,eek,in which it win exceed the. ; „ 
mean-time failure,, rate and , tfie accumulated run 
hours are-set to.zero for that week. Tfiis yields -the 
anticipated replacement requirements of all cpmr " w 
plexes vyfiich is summed to derive the. total time^ " 
phased replacement requirements for.the part. The 
time-phased requirenrients consumes the,.on-hancl 
inventory until it is depleted. Spare parts used to 
support unplarined maintenance are .removed from 45 
the on-hand inventory wfien the spare. parts,,are 
issued. Replacernent.of these spare; parts may 
cause the systern . to , order, them, sooner, tfian 
originally planned. 

Finallyi-a replacement order is created for each 50 
week in, which requirements exceed the on^haod 
balance, or^saifety stock, if one; is, maintained. The T 
replacement order may be released to the supplier 
3 predetermined number of days prior to when the 
part is required, based upon, the lead-time that the 55 
vendor requires, to ship the part. ,AII spare parts 
required to support the maintenance requests,,, 
planning bills and replacement parts are combined 



to detemfiirie ,the total amount, to be ordered for 
each spare part. TTie systern may also generate 
paper order forms for the parts, or may electron- 

, . ically order the parts. . , 

When the parts manual fiie of-^the present In- 
vention is .used,, a repairer' can enter a specific 
complex number and page down through the hier- 

: archical listing of parts until the proper.parts, draw-. 

. ing is displayed. When tfje repairer .selects the 
parts he,, needs, the computer .cari, corivert , the , 
selection , into, a spare, parts inventory. systerr) nur%, 
ber and display the quantity that i's^currently availC 
able in inventory at the,irepairer's .p!arit. . lf the 
quantity available meetSpthe, requirements. *e r^-, 

, pairer can have the, parts issued , irnmediately and; 
applied tp tfie.^ raainten.Einc.e request., yVhen theV 
quantity is insuffkiient, the, repairerCcan,, request 
additional, parts from *e central parts supply^^ 'w^^ 
another plant and allpcate.,thpse parts to, the, apprch., 
priate mairitenance request, , Wherii the,.parts .. are 
transfen-ed, they,,are issued .to that maintenance - 
request. 

It should be noted , that according- to,the inyeri ^ 
tion, the repairer will be.;al,lpwed to access the parts 
manual file at any one, of the , hierarchical levels! 
Accordingiy,,for exannple, if the repairer: knows ,the 
machine number, , he can enter that ,,nurhber, and 
begin paging, at that, point in, the pants manual file, , , 
In addition, part drawings can be printed. 

DETAILEE) OPERATION: MAINTENANCE SCHED- 
ULE MA NAGEM ENT SUBSYSTEM 3 ' 

The Maintenance Schedule Management Sut)- 
system 3 (Figure 1) iritegrates theimaster produc- 
tion schedule , in .the Master Production Schedule . 
File 13 with, ,fte, maintenance requireme^^^^ for the 
complexes.;to thereby produce a Revised H4aster 
Production Schedule File .and a Master!, Mainten-, 
ance Schedule File,9. The result r^of-this integration ' 
is a comprehensive, schedule . ;fpr all activity per- 
formed on a complex, /yi activity can be t pro^ 
duction of an item, or a regularly scheduled main- , 
tenance operation. Jhe .Manufacturing -Operations 
Controller,11 operates upon the Master .Prpductipn 
Schedule File 13 to generate a schedule for each 
complex which will meet the , production require-, , 
ments within the - complex, fcapacity available. , The, 
Maintenancer.Schedule Management Subsystem 3 ! 
generates a. Master Maintenance Schedule File 9 , 
which includes- a maintenance plan for each com- 
plex to support the master prpductiori . schedule. 

Referring now ,to Figure 5, the ; Maintenance 
Schedule. Management Subsystem ,3 operates in 
three time-phases. Rrst, long range .maintenance 
planning for equipment procurement and configura- 
tion modifications is perfonried at Block 20. Then, 
maintenance planning,^ and budgeting for the cur- 
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rent year are' 'jDerformed at Block 21. The last 
phase is the scheduling of the' daily maintenance 
activity. Block 22. Each of these phases will' be 
described iii detail below! ■' " 

Long Range Maintenance Planning 20 

The Mairiteharice Schedufe-'Managemeht Sub- 
system function begiris with long rSnge mainten- 
ance planriihg." The'operatidhis j3erforrned for long jo 
range maihtehahce planniriig 20 are desci-ibed in 
Figure 6. Lorig range plahriing may be performed 
in quarters for a one to ten yeai" plahriing hbrizori. ' 
The strategic 'business plan 'is obtained (Block 25) 
and the current complex capacity is obtained for a is 
first complex (6lock 26): The rated cbrriplex capac- 
ity at 100 pefceht is a' function of the speed.'daily 
production'' hbiirs and the' niinriber of production ' 
days in thW quarter. This- capacity i^ 
applying an 'efficiency rate and utilizatidh rate; The ■ 20' 
efficiency rate' is used to reduce capacity to ac- 
count for product set-ups- minor opbi-atirig adjust- 
ments and ''special runs. The utiliz^tiori' rate re- ' 
serves capacity for 'bverhaulsV modifications and 
other maiht'enarice functions'.'" ' - ' 25 

The comparison is performed at Btbck- 29 by ' 
assigning each product to' the cdrriplexes which 
can produce that product, until all products are 
scheduled (Block ' 27); It will be understood by 
those having skill in the art that 'multiple products 30 
may typically be produced on various complexes. 
Based on the priority of 'which product runs on 
which corriplex'^ and the effectivily '^date when the 
product can be scheduled,' a projection of capacity 
constraints is*establlshed. If no'capaicity constraints 35 
are found Le. 'the'' product can' be scheduled (Block ' 
30), the first phase ' of long ' range maintenance 
planning is cbrhpletep a^ an indication' of the ' ex- 
cess capacity available, if any, is triacked at Block 

If there is a ^capacity shortage (Block 30) the 
capacity 'Cohstraihtis are identified at Block 31. If 
overtime can resolve the capacity constraints '■ 
(Block 32), it is planned and the comparison of 
requirements to capacity is tried again. If overtirhe 45 
is unavailable (Block 32), the second course of 
action is 'to increase the cbrriplex production capac- 
ity. This is done at BIbck 33 li>y iiinproving the 
complex efficiency rate to provide ' more efficient 
use of the cbmplex; and/br by' improving complex 50 
availability ''to "^impi-bve maintenance opieratiohs to 
increase production. The rnainteriance planner can 
state the minimum/maximum utilization to schedule 
a complex. The Ibng range maintenarice planning 
function -will altei- .the utilization within the guide 55 
lines (Block 34) and the comparison of "require- 
ments to capacity is tried again. ' 

If an increase in machine' utilization cannot 



resolve capacity requirerrients- (BI6ck'35) the third 
course is to cbfnpare'the required capacity to the 
excess capacity of other' cbrhplexes, at Block 37. 
The long term trend of ' the other complexes is 
analyzed and Cbmplexes Which can bb modified tb 
produce tfie' required products are selected at 
Block 38: thbh, at Block^39 maintenance requests 
are created tb pertorm ' the modifications If they 
occur in the first year of the 'plahriing' horizon:' 

■ The above three alternatives are performed for' 
all products until all products are scheduled' (Btbck 
27). The process then ends (BIbck 28). ' if these 
three alterriatives cannot resolve the bapacity con- 
straints, a cajDital expenditure analysis nria^'bei geh-^ ' 
erated to recbmniehd thb piirbhase of aidditibhal 
machinery. '■ -• 

The iriodified ■ machine bapacity file created at 
Block 38 is provided to the Mariufabturihg Oper-' 
ations Controller '11 (Figure i) for use'wheii creat- 
ing a production 'plan. The niairitenance requests 
created at Block 39 to pekorm the cpmplex rnodi- 
fications matches the rriodified m'achirie' capacity 
file. This is -the first Step of" the'-integratibh' 'of 
production • and maintbnaiice. 'Tfi'e" dbwritirfi'e'' fbi- 
corriplex iribdificatibrii is ' reserved wheri the 'mahu-'" 
facturing operatibris cbhtrbller creates the 'produc- 
tion plan. " ' " 

Yearly Maintenance Planning 2i 

Referring again to Figiirb' 5, the second Opera-' 
tion performed by Maintenance Schetlule Manage- 
ment Subsystenh 3 is yearly ririaintenance planhihg 
21. 'Vearly triairitenance plahriing creates a weekly ' 
maintenance schedule for the fii-st year of the jDlahV 
ning horizon. Lbrig range mainteriarice 'planning' 
reserves a complex by' applying a utilization per-' 
centage; fbi'' example, i'eserve 10% of the time' on a 
complex fbr maintenance bperatiorisi the utilization 
pei^centage i'ate is i-eplaCed' by the yearly mairt- ' 
tenance plan. ' *■ i ' 

Referring hbw to Figure 7[ the detailed bper- ' 
ations performed by the Yearly Maintenance Plan- 
ning Function 21 will now be described; The- objec- 
tive of this function is tb group all 'known 'mairi- - 
tenance 'requests' by complex. Maintehahce ' re- 
quests may come from (1) cbmplex rribdificatiohs' 
planned in phase' one (Figure 6); (2) Time depen- 
dent maintenance 'functions based on- regularly- 
scheduled events such as ah oil change;' (3)- MIG ' 
directives (Maintenance Improvement Committee' 
directives) such as trials, modification's and up- ' 
grades; and (4) Usage depehdent' malnteriahCe 
functions based on planned run hours for each 
complex. The maintenance requests for Complex 
modificatibris, tinhe depehdent events and Main- 
tenance Committee directives are grouped tbgeth 
er. Once the grouping is complete, the dates that 



13 



23 



EP 0 467 257 A2 



24 



,20 



the MR's wiH be performed are. resche^ to. 
minimize the ^complex downtime. TTie', Usage dW - , 
pendent maintenanpe requests-, are created ,.and^ Z 
merged with the other nriaintenance requests. . . 

Referring,,,to . Rgure 7, ,;.the, time,, dependent .s 
maintenanpe requests are .generated at Block.,44 . " 
by reading the . Regulariy-&heduled (RS),.Jfile.,. 
(Block 41). This file oontains'.anJRS re^^^ 
type of time deperident.event to'be perfor^^ 
each piece of equipment. ^These.events^ re- 'ro 
quire that the equipment be down, oil chan^^^ 
lubrication Pr bjeit, replacement. . Other, events per- > 
form visual inspedion ., and equipment analysis 
while the equipment is still running. The measure- 
ment record is. read for each.RS record, at Block 42 , is 
to extract the time interval that this event is to take 
place (Block,43). A pjarined maintenance, request is 
created at. Block 44 - for each tirne dependent event 
during th^Tirst 52 .weel<s of the planning horizon^ A 

MIC -directives for trials, /modifications . and, ' 
equipmentjijpgrades ,are, entered by the Maintenr 
ance lmf)i-ovement Qqrnmittee ^and . are obtained - at 
Block 45..The use jof the^ equipm^ is resehred by 
the master production schedu|e]when the complex 
will be Qut,ot,prpduction.for,an extend!ed:p 
time. The, cqrnplex modifications requests^ initiated 
by production in phase one, are combined with the 
other planned maintenance requests, at Block 46. 

Referring to Block 47,; the .maintenance re- 
quests for the time dependehf, IvilC directives and 
complex mpdificatlons are grouf>Bd by complex. 
Then. referTmg;,.to,,Blqck-48. eac^ 
tenance requests for the complex ,ar;e reassigried to, 
minimize; lost time . .for, maintenance. Each main- 
tenance request has , a critical, indicator which as- 
signs the sequence whi.ch ma operations 
should be performed. , Each ; .maimenance. , request 
also has ,,a , window , during which ' that mainWriance 
request must be performed.. The dates ,that .each ' 
maintenance .request is planned are',, examined so.^, 
that less critical maintenance requests are cqmV 
bined with other maintenance requests. -MaintenA 
ance requests , are .rescheduled to minimize^ the^ 
downtime of , a complex, ! ., - i 

Referring- npw to J Rgure ,7C, the detailed, operi; .45 
ations for reassigning^ maintenance requests., to ' 
minimize lost prqductiqn time (Btock 48 of Rgure , 
7A) will now be described. . As shown in Block 81. .,. 
maintenance requests are first grouped by date.'. 
Then, at Block 82, the sorted maintenance requests 50 
are exarnined to determine if they can tw re^ ,. 
scheduled to .match .other , maintenance requests. 
This step contiriues, until all .nriaintenance requests 
have been examined (Block 03). The rescheduling 
is done to meet the most critical maintenance . 55. 
requests. In particular, each maintenance request 
may contain the number of , days or weeks a main- 
tenance request can be rescheduled and. still meet 
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the maintenancerobjectives, Block 84 exarnines the 
remaining mantenance requests to, see if they, can 
. .. meet the maintenance objectives in terms of Oie 

V number of days or weeks. Maintenance requests 
which can be rescheduled have a temporary 
schedule date calculated at,, Bflock 85. VVhen all 

^ maintenance requests have been processed^ main 
tenance requests are examined once again fgr ad- 
ditional rescheduling. at, Block 86. A check is'made 
at Block,87 to see ii,the.>eschedul^^ 
requests .produce - the minimum prqduc^^ 
time. An adcjitional pass is iTia^^^^^ 

: examine additional rescheduling the re- 

scheduled maintenance request dates are updated 
at Block 88. , ,...,,1 \ ' 

For example. ,assume ^. complexjmodification^^^ 
is planned, in : week 20. Several . Unie.,,dependent- 
maintenance,,oRer;ations,are,i^uiredifpr th^^sarne^^; 
complex., pr)e,.ma^^^ is sch^uled . 

for week 18 and another for week .21. These tirne. 
dependent, mainteriance operations . can be p^rr -i 
' formed withia^ tyro,, weeks of the^.qriglM 
date. The,:two,time,.dependent maimenance oper- 
ations will, be rescheduled fpf;.week, 20.. in order; toi 
minimize lost time, the two time; deperident-^^^^^ ., 
, tenance operations Rwill ,t?e . performed: ' 
complexJs;dqwafqr:fmp^^ 

Referring again to- Figure 7A, planned main- 
tenance requests are generated by the , master , pro- 
duction schedule for. usage xiependent,evehte. Us- ■ 
age dependent events, occur when , , a piece of 
equipment has been in production ,(usei,for, ^ given 
number of hours. Ceitain preventive' maintenance 
operations are perforrnedjon the equipment based . 
on the accumulated actual, run fhoufs .plu?. the 
planned run .hours. The master production, sched- 
ule schedules a complex , to, be., down , tOA>p^ 
usage def^ndent, events. Usage" dependentveyents ^ 
are calculated as follov^s: ,i 

(1) Actual production hours which a complex lias 
run is, accumulated (Block 49). The ^current - 
week's production hours are added to the,:actual . 
life-to-tlate hours. ., , ,,^A 

(2) The ,time , to perform, the maintenance rer 
quests, for time dependent. Mid directives and 
complex modifications is removed from the ca- 
pacity hours ayailable,^ for production, at, Block 
51. and a new schedule of availaible capacity is . 
generated at Block 52. 

(3) The , production requirements are loaded to,- 
the complex . based on the, capacity available 
after allowing for maintenance request (Block 

54). 

(4) The , planned run hours are then added to the 
actual life-to-date hours.. At Block 56, when Uie 
projected planned run hours exceed a usage,, 
dependent event (for example:, do , a class A 
overhaul every 1250 production hours) a m'ain- 
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tenance r&quest' is planned (Block '57). 
(5) The dates for a usage dependent main- 
tenance request are then matched with other " ' 
maintenance requests. 'If the coniplex is not ' 
scheduled for production' close to' the date for a Sa- 
usage • dependent maintenance 'request, the' re- 
quest is rescheduled' at Block 58 to be per- ' 
formed when' theicorhplex is not in use (Block ■ ' 
59). If pi-oduction is required' in a week ih which ' 
maintenance' is' required; a- check is niade to jo 
determine if production can be'nri'oved to an idle 
complex; If the production requirement cannot 
be met, the maintenance request is reschedul- 
ed. The'- pr^odudion requests iand malriteriahce 
requests: are j^eaitariged at Blotk 53 to cohfoi'm • -"'is 
to the hew.' schedule: ' ' ^ •■ 

The above procisss is Vepeated, until, at'Blodk 55,^'" 
all maintenance requests have' ah ' assigned sched^ ' " ' 
ule date. A new maintenance request file is gen- 
erated at Block 60; The mactiirie capacity has alsb 20 
been reserved to perform the plahned rhairiteri- ' 
ance. 

The he>rt^ step' is to extract the estiniated labor 
hours required Mo perfornri the 'maintenance re- 
quests. Thefe' are two methods of extracting l^bor '25 
hour requirements. ' The ''labor'''hour requiiremerits- 
may be entered dii^ectly' oni the rhainteriance re- 
quest. Alterhativelyv as shown in Figur^ 7 at- Block 
61 the maintenance scheduler can indicate the ' 
work plan which has- the 'detailed 'labor hour re- 30 
quirements: Based' on the" maintenance requesit's 
start date and the' duration of the rhairitenance ' 
request, ihdicated by the end date, the labor hoiii-s ' 
are accumulated by labor' type for ieach week of 
the planning horizon as shown at Block'i62." ^ 35 

This yields the labor- hours required to "perfbrni 
all of the maintenance fequests (Block 63). The ' ' 
weekly labor hours- available (totial labor hours mi- 
nus percent i-eserved foi- unplanned maintenance) 
is obtained at Block 64''and is corhpared to the ' 40 
weekly labor hours tequired. The pi-oductioh sched- ' 
ule is also obtained at Block' 65. Finite schisduling 
techniques,' involving autorinatic prioirity reviisibn in - 
order to level maintenance opei-ations to the time 
available.' are used to resolve all overloaded weeks 45 
and reschedule maintenance at Block 66. Each 
maintenance request is exannined for criticality. The 
less critical maintenance requests are rescheduled 
to fill weeks where excess labor hours exists. This 
rescheduling is filtered by the production schedule, so 
obtained at Block 65 to ensure that the impact to 
the inventory policy is minimized. Thai result Is a 
new maintenance schedule (Block 67) and a new 
production schedule (Block 68). An integrated" 
weekly plan is now available. -55 

Example: 'Veafly Maintenance Planning 



An example of the processing of Rgiire 7 will 
now be deiscribed with reference to Figure 8. Re- 
ferring to 'Figure' 7 and Figure 8A, the first step is 
to take the-kiioWn rhaintenahc'e- requests for the 
MIC directives (Block' -'45) arid time deperideht 

' events (Block 44)' and insert them into the produc- 

■ tion schedule; replacing prodLiction capacity. Figure 
8A illustrates- the 'organization of reguiarly' sched- 
uled time dependeni Waintehartcie events and MIG 
- directive mairiteharice by week. Figure 8A also 
illustrates' ihsertion of the time dependent nlSin- 
tenance requests ihtb the production 'schedule for 

' the complexes'- 

The riiext step shown in Figure 8B, cdrifespbnd- 
ing to BI6ck -51 of Figure '7; calculates the *usage ' 
■ dependent 'rinairitehahce requests, shown as "P/M". 
''•'^ The schedijled hours ar-S added to th^' actual hours 

" to project when a iTiaihtenance request heeds to be 
generated (Blocks 49 ahd'^O of FigLii-e 7)'. Foi- 
example, complex iA-1 hais '800 actual hours pi-ior' 
■ to week one'. At fl 250? hours a maintenance i-eiquest 
is to be cMtedr'Adding a Weeks worth bf sched- 
uled run hours '"(i 12 hours' per productibri wee^ to 
-the actual hdu'rs 'indicates- that complex iA-1 will" 
reach the 1250^ rliaihtenance point ' 'during week 

•' four. A tentative mairitenari'Ge i-eqiiest to' perfolrti 
the usage''dej5enderit" rhaihte"hance ' operations is 
' scheduled'fbr'week'fdur. ' ' 

Referring riow' to Figure 8C, the. third step, 
corresponding 'to Block -51 of Figui-e 7, combines 
the maintenance requests to minimize dowhtirne. 
For example, refemhg-to Rgure 8C,'*both 'the niain- 
tenance requests for 'a time dependent event (MRS' 
in week four) ahd-a usage depierideht event (MR9 
in week seven) are cbrhbiriSd and rescheduled into 
week five whM the' complex is due-'to be idle. 

" Productiori is below the inventory target desired for ' 
week four. ■ The v'reschedulihg of the maintenance"' 

' requests -achieves the prbdudtion and the mairi-^" 
tenance dbjectivesf TKe connplex schedule (Block 
54) and New MR file (Block 60) are illustrated in 

' Figure 8C. ' 

The final step, cdrrespohdirig to Blocks 61-66 
of Figure 7, is to balance the f-eqiiired labor hours - 
with the available''labor hours. Referring to Figure 
8D, it is assured that only two rhaintenance oper- 
ations can be performed" per week. Week five has 
three maintenance operations' scheduled. Complex 
3A-1 is the best choice to reschedule because ■ 
production is not scheduled for week six. However, 
week six will theri have three maintenance dper- 
ations. To allow the maintenance of 3A-1 to move 
to week six/ the maintenance operation of complex 
3A-2 will be nhdved'td week seven. The resultant 
maintenance ischedule (Block 67) and prdductidn 
schedule (Block 68) are illustrated in Figure 8D). 

Daily Maintenance Scheduling 22 
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Referring .agajn to. Rgure, 5, tiie.;final phase 
performed by Mantenance Schedule .. Management 
Subsystem 3 is daily maintenance, scheduling; 22. 
Daily maintenance, scheduling, cfeates, a compre- 
hensive daily, =.production/nfialntenanoe i,schedule.. 
The previous phase (yearly-,maintenar»cei planning) 
integrated the weekly, maqtenance aiid . production 
plans for .ttie entire;, planning horizon. , Jhe,, daily^ 
maintenance; scheduling converts- the weekly mainT 
tenance plan into the,daily maintenance sch^ule. 

Many of the rnaintenance .requests . have .ther. 
actual dat^ that tfie maintenance eyentiis to' occur, 
MIC directives and machine modifications are ex- 
amples. Tjrne dependent , ^and usage, dependent 
maintenance events can, occur any day pttlie, week; 
in which they, are planned. The last group , of main:; 
tenance request?: .tQ^ bei gatli^red , arei; those found, 
during visual,jnspectiori.;and from ele<*onic,s^^ 
ing devices. Rgure 9 iilustrates the process i of 
gathering these nriaintenanceirequ . ^'^ ,^ 
Time dependent events for visual ,ainspectij)n. 
can reveal potential eguipment, fai|ur;es= >T^ 
of such vjsuaf inspections are obtained at Block 71. 
Electronic .sensing devices , may also, be placed.on 
key equipment conr)ppnerits.; .Sta^^^^ fxocess 
control (SPP) . techniques are .used to, capture-.and 
evaluate the status of key .eq^ipm 
No action is taken when the readings are;,yvithin^*e 
tolerance limits. Diagnpstic data is, genel-ated from 
the visual inspection description and ttie SPC input 
for each reading outside, ttie ,. tojeranee limits 
Block 72. .TTie.diagnosticjdata may be;^ya!uated at 
Block 73< using an expert7,system with ,an accorn- 
panying knowledge, base.^tp perform ^diagnostic 
checks. If .no failurei, is,, projected, (BlockyT^^^ 
process ends at Block 75.j,lf a failure is projected, 
the cause of failure is ideintified, the failurej date is 
detemiined, and a critical indicator is assigned for 
scheduling.- The maintenance requests generated 
by this procedure at, BlocKp76 are ^combined witii 
the new rnaintenance schedule, (Blpck-67 of Rgure 
7) and the new production schedule (Block 68 of 
Rgure 4) at.Blocks, 77 and 77 respectively, and the 
daily maintenance schedule is created.iat Bipck,79 
Daily, maintenance ; scheduling .refines ttie 
weekly planning ftjnction described above in ^con- 
nection with Rgure- 7. Maintenance , requests for 
time dependent and usage dependent events can, 
be scheduled any day during the vyeek that they 
are due. MIG directives^may have a specific start 
date which must be followed; others can be sched- 
uled during ttie.week in which they are due. Main- 
tenance requests which .have a predetermined start 
date are scheduled. The . ottier Maintenance re- 
quests are; then scheduled using machine loading 
techniques. This prpcess includes jlooking at pro- 
duction orders which have a due date. Maintenance 
operations will be scheduled around specific ma- 



10 



chine requirements necessary to support produc- 
, tion commitments. 

More particularly,. at Block, .89, .all production, 
orders and nfiaintenance. requests from. Blocks 67, 
..and 68 of Rgure 76.;are gathered. Then, at Block 
,- 90, special productipn.,prders . are assigned a run 
priority based upon the date ttie production order; is 
due and ttie amount of time , it takes to produce , ttie . 
order. The production orders are then, sorted, by 
their new date at Block 91; and at Block 92, special. 
; production orders are scheduled to take ownership 
of the production equipment. Special maintenance 
.requests which must be, performed in,, a certain 
time frame are then scheduled at , Block 93, l^nally. , 
at Block 94, the remaining maintenance, requests 
are scheduled up to the maintenance hours (man 
and machine hours) available, and tfie remaining 
noncritical production orders ai;e then scheduled. . ., 

20 DETAILED ORERATIQN: P>^RTS MANUAL MAN-,; 



. ?5 



, 25 



vC-30 



36 



40 



45 



SO 



55 



! AGEMENT SUBSYSTEM S" 

A production complex consists, of many pieces 
of machinery. Each machine has a. Parts Manual 
which descrites how ttie machinery is assembled,' 
and includes a parts list, also, referred to as a "Bill- 
CW-Materiar. fpreacfi assernbly. The parts manuals 
are electronically stored and maintained, by the 
Parts Manual Management Subsystem 5 (Rgure 
1). The engineering, drawings .are converted to a 
digital form.at and the image; is stored on , mparts 
manual file 7. The,assembly sti:udure and the parts, 
lists are also, stored .on parts imanual file, 7. Each 
, assembly has an image associated with , it. The 
assemblies are arranged in a hierarchical listing. An 
illustration of the hierarchical listing -in the , parts 
.; manual fi|e is shown in Rgures 10A-10D. , 

When a unique production line identification is ; 
entered such as ttie factory, un|t and. .complex 
, number is entered, the parts manual rnanagement 
subsystem lists , the components or parts list for 
; that piece.of ,equipment. The maintenance operator 
can enter a specific equipment, identification: num- 
ber and the automated parts manual management 
subsystem will begin at that point. For exarnple. if , 
\, a maintenance operator enters the factory, unit and 
complex, the display of Rgure , IDA is .displayed. 
The left :Side of the display is. an image of .the -, 
selected complex. The upper right comer includes 
. a list of all parts in the complex, one. hierarchical 
level down from the complex JeveL The.Jower right 
corner allows a, user to obtain help information, to 
exit the parts manual file, or to view a, complete bill 
of materials (described below) wiUiout an accpm- 
panying image. 

The operator may then select the next piece of 
equipment to look at. As shown in- Ijlgure 10A, ttie 
packer was selected and display of Rgure 10B is 
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displayed; 'The packer 'tias' eight' sediohs;^^^]^^^ 
age of each is disisiayed on the ' left 'side of the ' 
display of Figure 1 0B, The upper right'^cbrner 'in- / ' 
eludes a list^^of the' part's. The lower ' Vight 'corner ' 
contains the above dWscnbed "help"?' "exit"; "a^ s, 
"explode' bill" option 'de'scnbed'abofe'G^^^^ ' ■ 

allow detaij infbrmatioh '(such' as company part 
number, ty'pe'of pah 'or 're^^^ to be ' 

displayed, aiipws' return' to 'a' highei' level In the 
hierarchy, allows ah'-image 'tb be" prirlted; or ia ineW ' w 
assembly to be specified. . , ; ; ; 

When the ^maihtehahcb'' bperatb'r selebts ' option ' 
1 - FRAME 'SECtiON- i" the^ 

next level of the 'machinery shown iih Figui'e' IOC: ■ ' ' 
When the maihtehahc'e'ppera^^^ optibn 1- ts 

part 0051 ^' tlie last assiembiy of 'this sectoi' appears'' 
on the cdirihputer 'along 'with4he^^ 
10D). This is'^ffie IbwestMey^^ the 'hierarchial . ' 
listing of parts.' Ili'e 'maintenance operator may ": ' '' 
select the parts which'''are''req'uiFe^ placing a"'P' io 
beside tKe' p'arts 'BispiaYed. ^ The parts will 'be ' auto- 
matically'"orderdd;''"assigned airi ernergehcy 'rifiain-' ■ ■ 
tenance request number, unless' this is a''piarinetl ' ' ' 
modification, and the Parts Mariual File will be' 
updated to reflect the replacement parts. The Parts 25 
Manual Manageiii'ent ' Subsystem!;^ 'witti ''''' 

the Spares Inventory Managennent System, as de- 
scribed belbW, ' to review to " 
automatically' issue 'the 'fequeSt&' p^rtS^^^ ' 
Manual Mariag'emeht - Su^ '30 
with the MaintMance' Schedule 'M ■ 
tem descnbed'^abbve/ '' ' 
maintenartce recjuestsfare impleriieritkl thro^ the ' ■ ■ ^'' - 
Parts Manual Management Subsystem ' 

The enginebnng 'services dep^ ' '35 

maintain the master copy of the' Parts Manual File. ' 
Each plant may be provided with a distributed 
version of 'the Parts' Mariual' File, fo'r the -equipment! ' ' ' 
in their plant' 'Changes ''which' 'are ' ap^ 
master copy are electronically transmitted to the 40 
plants throughout the day. Alternatively a'CiJiROM 
may be created for reniote use'^bh- a'' personal 
computerr" ' ■ "^'' '-'"■'" ■•-'•■;:■' ■ 

The engineering services department may' 
identify a modification prior to determining tb which 45 
complex(s) the modification will be' applied or 
knowing the modification date. A planning parts 
model allows engineering services to create the ' 
parts list associated to the modification withbut ' 
associating the modifications to a specific complex. so 
When the complex and date are defihed ' fbr the ' 
modification, thb planning parts' mbdeiys' copied to 
the specific coiriplex/ This allows for 'spare pails 
planning prior to committing the plant hfiaihteriance 
operations to an implernentation schedule, 'the 55 
planning parts model also provides the capability tb 
perform 'a' cbst 'benefit ian'aly'st of the proposed 
modifications?' 



The Parts Manual RIe and' Parts Manual fk/lah- 
agement Subsysfern rtiay'' be implemented 'using 
commercially available imaging systerns sUch as 
the Wang'-lritegrateid Image System (WllS)' Tnar- 
keted by Wang, Lowell, MA. ^ ' •' 

DETAILED OPERATION: ENGINEERING ' CHANGE 
CONTROL MANAGEMENT SUBSYSTEM' 4"~^ 

All mbdificatiohs tb the Parts Manuat File are 
controlled by the Engineering Change Cbntrbr Wfan- 
agement Suljsystem 4 (Figure 1).' Referring to' Rg-r 
ure 11, the 'detailed bpbratibri' of the Enginebriri^^^^^ 
Change Control Mahagertieht Subsystern^ill how 
be described. Art ' Engjh'eerihg ' Change fllurntie'r" 
(ECN) is assigned fbr ievei^ modification to " the ' 
Parts Manual 'File; the criteria 'to im'plehieht the 
modificatibri, such as a date, is 'also assigned to' 
the Engineering Change Number (ECN)': AH' permia-'^' 
nent' modifications to the' Partis Manual File are' 
coordinated by a central Engineering Change Con- 
trol (ECC) function. Each planf can establish item- 
pprary changes for plant trial modifications. These 
changes are in effect for ai short duration ''and' wiir 
be 'automaticall!i' ' rehibVed^ fw exarri'ple after iO 
working days. ' Plant ttial rhodificatiohs ' miisf be 
submitted' through 'the ceritrial ECC ifuhction when 
the modifications are'tb becorh'e. pei'mahent '.- 

The maintbnahc^ request issued to a 
modification references the ECN to 'b6' applied ^ 
Parts Mariual File is upclated wheri ' mainte^^ 
performs the 'task 'arid closes the rhainterlance re- 
quest. The "ECN is closed when all the modifica-" 
tions undei^ Uie, control Of the ' ECN are cornpleted. 
Emergency mainteiiance pertorrned on a pie'ce of ' 
equipment is captured and routed tb bngirieefing 
services ifby revievv. The parts rrianuat file will be' 
updated based; upon thfeir action.^ ' 

Engineering change control is divided intb 'two 
phases, ideritifyihg a change and cobrdihatih'g 'fhe 
engineering change with the Parts Mianual' Rle is 
the first phase. Closirig the engineering bhangb arid 
applying the change to the Parts Manual "F^ile is the 
second phase. Referring now to Rgure 11, in the 
first phase, all permanent modificatlbns to the Paris 
Manual Rib (Block 108) are applied to the rhastb'r . 
copy and distrib'uted to the picints (BIcick 111) upon 
ECN coriipletiori: 'Requests for modification co'me ' 
from seveiral' sources: ' (1) Maintenance Ihiprbve- 
merit Committee/vendor directives (Block 101) - 
such as equiprneht design ; changes for ah' effi- 
ciency upgrade; (2) Plant engineering modificatibhs 
(Block 102) - implementing improvement sugges- 
tions from the' rifiairitenance operators; (3) Spare ' 
Part Inventory Control (Block 103) - for pari sub^ 
stitution and replacements; arid (4) Emergency 
maintenance performed (B|ock 104). 

These modifications are sent to ah engineering 
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services group, which cc«rdinateSi:,all engineering , , 

changes .yi| *e Eng^^^^ Cqntroj Man- 

agenient , Sub^yiste^^^^^^ can . . ' 

operate tfi|.,|n^e^ring:: than^,^^ 

ment Subsystem'4 to add a' pail.iemoy.e (dete^^ 

part or replace a part. The first stei> is to create an ' 

engineering_j,<±ange. by ^adding, an .engineering-, ., . 

change no«ce to^ EGINIJIelandi^te^ 

criteria when the'chaiige is- to 'take "^lacX f^Jex^^^ ■ ' ' 

Block the^F^arts Manu^ File is modified to jo 

reflect t^^^.fogin^ring'phau^^ , 

replace a p;ali1(s).,, /^' " ' i' ' 

A neyy part added .to .the Parts Manual File is 
classified;as^ 1in?^^v?'W!;:Wii( jipf :a^ on the 
Parts Manual File until an engineering change num^ J ' 75 
ber is a^signed.^^^pat.to'H^ 
flagged aj^, suqh,^ Wiien^^ie^__^ng^ ' 
numt>er is. assigned.' A replacement part is a two 
step operation:. (1) remove the current pail to be 
replaced; (2) add the replacement part 20 

Exarnple: Update of Parts Manual RIe 

Figure. 12 shows two examples of Engineering 
Change Control .(Figure 11, Block 106) and updat- 25 
ing the fl^^l^ianuai,'(i=ig^ ' 
first exam^g ,in::fjigure ^ js^' fpr Jrawing, number^ 
0051.01. Engineering Change Number 1010 indi- 
cates that thiS; dra>^ is^ ;to ; be dieted , (1 01 OD) 
and replaced , by^^ TO^^^^ on 2/10/XX. 30 

Drawing jjiumter; ;^ ,. 
2/10/XX. ^Dri^AfTg,^!^^.)^ 
ning 2/10/XX. Jhe second example in Figure 12 is 
for a partjregiaicement. the distribute will be " 
replaced by .4030.01. on 2/5/XX, controlled by En- ' 35 
glneering.Change Numte^^^ \s ';l 

t° be used before 2^/XX ,(10110). Distributor . 
4030.01 will used' beginriing 
Figure 13 shows thei parts lists in effect oni 2/5/XX. 
Figure 14,sh(^^tte,^same.;parts^i^ 40 
2/10/XX. .TTieppart^Ji^^ 

representth^-^ (Mer^nl parts lists oyer,a;^)erio^ ^ ' 
lime based' on ;^the.t!iter^^ each engineering L,^^ 

change number. , , ' ...^ _/ .. j ^ . , ^ • . 

The e)raiTip|ej of Figure? ;!2;. la'and!,!^ are for:. 
Unit 01 Coriy)lex pi . The se^ 
numt)er cgn bejUsed to mociify multiple co^^ 
concun-ently.,..rto>vever,^^e^^ muit have ' / ' 

an uniquq engineepng change number to time- " 
phase changes. . T;.^ ...... , 50 

Closing,, the engineering change,., number .and 
applying th^i.^anges tb'^^t^^^ 

the second ^^hase . of eng^^^ , 
?ee Block ;|07 of Figure 1i! The information flow 
for closing ECN's is shown in pgure 11. There are 55 
four methods of closing engineering change num- 
bers, as follows: ' - .*, 

(1) Engirieering .services can close an ECN upon . 



demarid.,(Btock 107). The changes indicated by, 
the EQN wiii be applied, to the Parte' Manual File 
when this .occurs. .;, ' 

(2) Completion. ,pf ._a . pja^^ tiaj ; modifidation 
(Block , lib),. wilhctose^th^^ plant ECN." 
The ch^ng^s indicated in ftial 
mod wilt be rempved fi;pm'^^^^^^ 

Manual File (Bloc^ jlil)- The .masl^er copy of tfie 
Parts Manual Rie wiir^ updated |f the ql^rit 
trial modification,; has been entered by engineer^ 
ing services. , - • ' '■ ' '.' ^ 

(3) The completion of a mainten!^^^^ 
(Blocks .113, and 117^^ w^^ close aajengineeririp! 
change number. , "jTiis . can occur .when j> mair^^^ 
tenance issues a. MR to.implement a MIC d 
five (^l^ck 113) or when , emergency , mai^ntem 
ance 'S.pei^ormed (feloc^ 117);! En^ 

vices wili:be notified wh^ ^a^ p^ 
which vYa,s not jlsted in ttiei .Parts^ManuarRte ,1 ' 
(^) Engineering change numbers asspciated v^^^ 
rnateriai , (part)' use up, will ,be^., closed ^^ihen. 
spares (Block 115) issues the last p^rt "(Block 
116). This will be described in further detail 
below..^ J , 

Detailed Description: Database File Structures ' . „ 

Having described the detailed operation of the , 
Engineering Changet,,Cpntrd Management . Sub-, 
system 4 and Parts Manual Management Sub- : 
system 5, tjie d^a file^ructures f^ 
data files wiji,npw b«l described. T^ 
Engineering Change . i^ntrot RIe ,12,.;^!an^ ^arts ' 
Manual RIe 7. The Parte Manual. R|e, 7}ih^ 
three files: Jhe , Parte .Master File, the :Rarts Ima^^ 
RIe and the Parts List RIe. They are described 
below. . . , 

(1) Th^ Parts Master Fjle t The layout of this file 
is shqwn in Rgure 15. TheJtallowing Jields are 
included: ,. 
•Part Number- 
Vendqr,dr?iwing number or 
Vendor part number from vendor parts cata- 
log.. 

"Description- ,i I' 
Vendor description .. . 

* Status -. "'[ 
A -..active ..... .. " . 

I - inactive , . , . ' ' ' 

0-pbsolete ,, . 

* Image Address - ^ 

Phy^icaj jocatipn ,of the image of the en-!| 

gineering drawing in the pails image fiie. 
'DateUstChg- 

Date that the image was. last modified 
"XY? Part Nbr - . , ,.' 
Unique int^rnai company part nurnber.fpr this 
part. Different vendor part numbers may use 
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the'siOTe mternal company part. ■ 

* Substitijte/Replacement XYZ piart hbr - 

The ihterhai' part number which will replace 
the current internal part during material use- 
up. ' • ' ■ 5 
•EGN nbr.- • - ' ' 
Engineering' Change Number authorizing this 
change. '■' ■ ^ •■ 
'ECN Action - - ' 
S - the substitute/replacement internal part' ' id 
number will replace the current XYZ' part 
number R - 'the - internal^ part number" Will 
replace this ' substitute/replaceiriert ihterhai 
part numt»er ' ' •■ 

* Complexes used in - - ^ 75 ^ 
List' of' complexes which this assembly ap- 
peai's'in-' ' '■ ■ ' ■■' ■ ■■ 

' Low Level - ^-1 

Lowesf'levfel number in the jDieirls list file' 
which this part appears io 

* Plahnitig ' '■■ 

The 'plaririirig''level for thi^ part. 'Used during ' ■' 
spare'^jiairtsplanhihg.^^^ ■ ■'■^ 

(2) The Parts'' Image File^ w^ ' 
compressed're'presehtatidn of eac ' 25 

(3) The' ^ Paffs ' UstfBiil-6f^Material) ''niej f * ■ 
out of tfe file 'appears ih"Figui-e' 16. The follow- 

ing fields are' included: ■ ' 

* Assembly Nbr - 

Engineering drawing number 30 

* Part Nbr - 

Spare part number used ih this assembly 
' Sequence Nbr - ' ' ■ 

Drawing sequence number for ttiis spare part 
•Status- ' 35'^ 

A -'active 

I - inactive ■ - ■ 

* Quantify Per ^' '' ? ; • k-:^'-' 
Nurhber- of spare parts needed at thi^ se- ' 
quence'forthe assembly ■ ' 4o ' 

* Scrap Factor - 

Scrap'faiitor associated with this spare part 
*ECN.Nbr- 

EnginiBeiihg "change cbntrol number assigned 
to this mbdificatioh . ' .1 

* ECN Action - 

A - add to assembly 

D - delete frbrh assembly 

* Date Last Changed - 

Date of the last ECN' modification made to 50 
this-part ■ ' ' 

* Cumulative Run Hours - 

Actual run hours posted to this part on this 
assembly 

* Mean-time - 55 
Life expectancy, in run-hOurs, for this part 

(4) The - Engineering Change Control File con- 
tains the Engineering Change Notice RIe. The 



layout o^*this ■'fil'ff appears Jin Rgure 17. The- 
fields are as'foiiows:- ''-' ' ' 

* Engineering Change Nbr - ' ' 
Number assigned to this ECfQ ' ■ - 

* EGN^riteria'^^ ' ' ' ' ■ 
DT - implementation ^date '- ' ' ' 
VU ''- vend6i"part I'eplacenieht inventory use- 
up - ■ ■■■■■ ■ ';'• ■ - • 

RU - internal part replacement inventory " use- 

MR - maintenance 'i^eque^ whidh will irrtJbleT 
ment'thls change ' ' '■ ■ " '■'■<''' 

* ECN'clfescription v / 
(5) Thei' Regularly Sch'eiduieci (RS)'''E^en't ' file 
contairis'tlie foiibwihg data: ' ■ ■ -'J' - 

" RS-riumber'- ■ ' '■- 

unique number which ideritifies' this record'^ 

* RS-dbptAcdhiplex-' ' ' ' - 
department and- complex nUrnbe 
' RS-descriptiori '' ' ' ' 
description W'this'RS' . 

* RS^sdhed date 1- ' ' ' • /^'^ • 
triggeV date; for-' gener'ating rnaintehance re-' 
quest (MR);' Used with frequency and lead' 
tinrie'td deternriirie' time' to gehorat^' ari'MR" ' ' 

* RS-frequency - ■■ 
time in days tietween MR generation '• 
' RS-fekd-tilrhe - ■■ ■ ' ' 
nurnbe'r of- days ah MR Is to be generated 
prior to the actual mainyriarice eve ' 

* RS-shift'- '-'--'-'--^--' ' ■■ 
the beginning shift' for this MR 

* RS^shutddwn hi-s - ' ' ' " " 
the humbdr of hours' requii'ed to pdrfo'rm this' 

. request ' - -s. v^::;,- ^ .^n/. ..v - 

* RS-pribrity - ' ' ■' " ' ' " 
the priority sequence fo ' p'erform the main-~ 
tenainfee ' event;' lised- to-''grbup rheiiritenance ' 
operatioris '■ ' ' ■• ■ ■ ' -"''^ ' v "■■ 

Example: Engineering Change'' Control iviaiiagieP 
ment Subsystem^ Operatioh ' ^7^^~^ 

Figures' 18 through 22 represent a cornpreheh- 
sive example of the Parts Maiiual^File 7 (Figure 1) 
during different phases of engineering change con- 
trol. The Parts Manual^ File for complex 6701 01 ' is 
illustrated in Rgure 18. Four ehgirieerihig' changes 
will be made to complex 670101, as follows: 

(1) ECN 123 will replabe 'P'art-C with Part-B' on 
2/15/XX; this is an example of a "date cohti-bl" 
engineering change. ■ ' 

(2) ECN 456 will replace Part-F with Part-E 
when the last Part-F is issued. This' is an exam- 
ple of a "material use-up" engineering change 
which replaces one vendor part with anothei' 
vendor part. ' 

(3) ECN 789 is based on a Maintenance Im- 



19 



35 



EP 0 467 257 A2, 



36 



provement Cpmmittee directiye (controlled ; by a 
maintenance request - MR). One part (Part-K) Is 
replaced with three parts. . : ^ . . , V 
(4) ECN 886 will replace, one rinternal XYZ part 
(55687) with another intemai xYZ paft'(55666) 
for vendor part Part-A upon .rnaterlaruserup of = 
XYZ part, 55687. .This engineering .change re- 
places a vendor part with an equivalent part 
from another .Vendor. 
The completely modified Parts Manual RIe for 
complex 670ipt,is shown in Figure ,22..,.^ ^ , 
All of these changes require that new parts t>^ 
added to the parts master file. The . operaUpns 
performed, by Engineering-Change Control. JMan- 
agement Subsystem 4 to accpm'pllsh- .^^^^ 
changes are illustrated in Rgure 23. In Bjpck 141, . 
line items 3p,.- cWJn, Rgure, 15 are.added to thei - 
parts master file. Since these items,„are , stocked^ 
(Block 142) and no engineering chainge.vcp^^ 
entries have been made for these parts (Block 146) 
the parts on line item 30 - 33 are added to the 
parts master after verifying that the XYZ, part nunH.p 
ber exists , (Block 143). Une. item, 34,{6tB1.l6j is .al! 
non-stocked .iteiri (^ock 1,42) J, because it'has Tip;f! 
XYZ part riumber. therefore it is added .dire(:tiy..to, 
the parts master (Block 153). 

Next, referring , to JFigure.;24, ;5t^^ 
change control entries are created. ECnI 123 -, 
Group PM schedule - is date controlled (Block 175) 
to go into effect on , ^15/l<x. ;ECI^^^ as a . 

vendor part replacement to be implemented , when , 
Part-F is depleted (Block 173), This -requires .tfiat.- 
Part-F be in the part master file (Block 176),!and 
that the ifiy^ntory guantity.^^pnrhand^^te 
0 (Block 177). plus any reserved stock if desired. 
ECN 789 is to implement a MIC improvement 
(Block 17?)ymodiflcation and .w 
IV1R123 is,(ipmpleted B5N,^.is,another,partA^^ 
up (Block 173). Tills one replaces one XYZ. par^^^ 
with another XYZ part. This is the only ECN irnpie- 
mented through; the part master, i; , .,- v 

The parts list is updated neirt! See, :Rgure: 2^^^^^^^^^^^^^ 
All changes are applied to the 01 Bt assembly ' 
(Block 202)., JheJast 5, line items (28 -,.32). are . 
added to the, parts list (BIcxk 204). 4Jne iteiris^ 
and 28 are controlled, by ECN 
mented pn,2/.15/xx. Une item 22 will deleted ; ., 
and line item 28 added on. this date. . 

ECN 456 controls line items 25 and 29. Line 
item 25 will, be deleted and ^linepitem 29 will be 
added when .the last vendor part Part-F is issued! . 
(reserved stock can be maintained by supplying a 
minimum inventory level).. , , . -■ 

. ECN 789 is the last ECN to be implemented by 
the parts Ust, Line 25 will be deleted, and, line items 
30 - 32 will be added when the maintenance re- 
quest MRi 23 is completed. 

Two additipnal steps are perforrned when the 



part added to the parts list is.an.assembly. A check 
is made to determinecl if the assembly .bei^ng ad- 
ded exists in. other assernblies, (Bl6ck 206).. tf it 
does, another' check . is made to detemriine whether 
5 the assembly references itseif somewhere in the 
assembly stmcture (Block 207). This would create 
an endless^ loop, so the .addition ,is,rejected, ^wrhen 
this condition is detected (Block 208). 

The assembly's low level code and the plan- 
ro ning level- code is. increrriente^ 210) 
and stored, asi^the parts low level cod^ arid pla»- 
ning level, code. IJhe planning .levei. qcKle is used 
during spare-^parts, pjaiining to .all re- 

quirements for a part are l<nown before reptenishr? 
. , 75 ment orders are calculated. , ; 

The 'a?t stiep^js to add the ,parf^as a^ 
when an MR is entered (Block 212), or Inactiye (I) 
when no MR is entered (Block 211). A part .coded 
as Inactve is. ignored for, all purposes except for 
20 editing. 

the last ECN (886) is impienliented by the 
parts master. Figure 1 5. Line item; 24, wiUfbe irnple- . 
mented when XYZ part number 55687,, is used-up. - 
Figure J ^,,shpws th3,i parts ! list fer^^^ 
25 the ihree ECr)l>,pmTding, When a^ 
tive parts .list,;pnly: those partSiJn:,^^ 
ECN is closed wil| be shown. iRgure 26 shows the 
active parts list of 670101 on i/l'i/ia when no 
ECN's have been closed. i 
, 30 .Stepping through Figures-2p,- 22 Illustrates the. 
parts list as each ECN is closed. Figure 20 is 
displayed affer:,2/1,4/xx -„ECN 123, has been closed. 
Figure 21 has both ECN 123 and 456 closed. 
Rnally, Figure 22 is the .Parts,- List when , all three.. 
35 ECN's have been implemented. ? ' 

The engineering changes to the automated 
parts model are performed when parts are issued 
to a maintenance request (Block 115 of Figure 11) 
or when a mantenarice, request is ^closed (Block! . 
to 107, of Figure 11). The oper^pnal ^sequence for ,1 
, closing ECN's is shown in Rgure 27. 

Referririg to .Rgure,,27„ each, part, issued, to ,a ; 
MR (Block 221) is checked to detenriine if tfiat pal 
is under ECN. contrpI (Blocl<;222). The request is 
, 45 suspended (Block 224) and engineering services is , 
,j notified for corrective action (Block 225) when a 
.; part is not under ECN controL 

If the part Is under ECN control (Block 222), a 
; part under XYZ use-up control (Block 223) updates 
.50 the part master (Block , 229) by moving the 
substitute/replacement XYZ part number into the • 
XYZ part number field. The ECN is then closed 
(Block 230), and removed, from the ECN file , The • 
process then ends (Block 231). ^ 
55 A part issued to a parts list item coded, as 

delete (DEL). (Block 226) is suspended (Block 224). 
and engineering services is notified for corrective 
action (Block 225). 
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ECN*S ;f6r vehaor/^^^ up- 
date all parts lists'-which are' associated with thiis ' 
ECN (Blockv232)l iThe^bld'ltenh(s) on-the parts list 
coded (DEL)Jiis .rnoved to 'ECN/part list history 
(Block 233) arid rernoved from "'the' parts list. The s 
ECN is also closed at'this tirTi'e'(Block''235) and the • 
process ends (Block 236). -b * 

The rerhaining^ EGN changes are ' under MR ' 
control. Parts' may be issued 'tb a'MR over 'a pe^ 
of time. Each part issue will cause the parts liist to id 
be updated (Block 237) and the part history file- • 
updated (Blpck:238); The EGN is checked to verify' - 
if all changes' hiave been nfiiade '(Bltfck 239).' Wheri' 
all changeis' have been rhader thb iECN ' is closed ■ 
(Block 240)i'arid rhdved to EeN>hist6i7=(BI6ck 241).'"; 75- 
The process then iendsi' ■ / t\:^''i sli'- ■ : 

The fequesti'-ls 'Su^jDehded :(BI(x;k! -244) and' 
engineering services notified (Block -246)' for action' 
when the'MR'is closed (Blofck"''243)=butithe ECN is 

still open (Block '247): V N - r;; VSV r ; : 20 > 

The ;ECN/Parts Listi-'Histoi-y: File contains all* - 
changes to' the iParts^ Manual 'Fileirthe'Pahs^Mai^^^ • 
ua! File can be recteated for «^riys-pdirit in tiine. ' 
Statistical-data iabout part usage , tmeah-ti me failure ' 
rates and ' number 'of rnaintenarice occurrences may ' 25 
also be den'i/ed-from1fie^history fHei ■ ■ ' ^ • ' 

DETAILED ' i OPERATIQN: '; SPARES INVENTORY 
MANAGEMENT SUBSYSTEM 6 .: ■ ■ ' • 

Referring *agaih"tb Figure -1; the details' of the > 
Spares Inventory* Managerrient Subsystem '6 will - 
now be described. Spare parts -consist of four 
types of inventory items: '. ' * ■•, ■ ; 

Generic items, ^such as -niits, bolts and washers: 35 
These items are maintaihed'ih' bulk ^and issued as • 
required. These items are carried in the spares 
inventory management subsysterri 'and=^the parts ' 
manual file for reference. 

Non-stocked: item's include'. 'the ■•'machine frame, to 
doors and othel- items which! are: not likely to need ^ 
replacing. These items are cari-ied in the Parts ' - 
Manual File foi'weferehce and in order to provide a ' 
complete' hierarchial listing in thie -parts manual; 
Gonsumable [jarts not maintained on the prodiic- 45 
tion bill-of-materialj such as'adhesives, al'e' listed as 
component iterris. Dies which print- the ' product 
logo, inks and cutting ^blades are* further examples ■ ; 
of consumable-parts not maintained on the produc- ■ 
tion bill-of-materials. These items are ' replaced so ■ 
when they wear out or are used up. Spare parts for 
consumables are planned based on ^ future run 
hours. For example, cutting blades are replaced at 
the beginning of each production shift. Accordingly; 
each scheduled complex-must have a set of cutting ■ 55 
blades for- each production shift scheduled. Accu- 
mulating the cutting blades required to support the 
plant schedule- yields the amount of cutting blades 



required each day, week orimdnth. ■ 
Replaceable-parts, such as farisfmotdrs; shafts' arid 
drives, are those spare parts which- have an exr 
tended life but which ^can 'break: These items'have 
a mean-time failui'e' rate 'which is'-initiially fated by 
the vendor^ The vendor normally supplies these ^ 
parts. Posting the actual i-uh 'hbij'rs to' these parts ' 
and accumijIating'tHe future run hours provides the 
ability to compare the I'un houi's to the' rhean-time 
failure rate and tinrie-jDhase projected parts replace- 

■ ment. -*"'■'■ ' ■■'■ ' ' ■. .-"'-• 

In general. Spares Inventory Managembht'Sul> 
system 8 nrianage^ the piii-chasing of spare parts iri! 
the following way: Non-stocked parts Sre pui"-^^' 
■'^ chased upon request. Geheiic parts-are-i-ebrdered^'^'' 
using typical- '"Order- Point" techriiques^ In' other ' 
words, when the qiiantity'<bh-hand falls below the- 
predeterrhified «brder =pbihti*a -replacement order dis- 
placed foi-'a predeterriiined oi-der' quantity. Con-' ' 
sumable arid 'i-eplaceable parts are nianaged 'usiii'g'i ' 
a time-phased 'requirements technique. -This -time-''- . 

' phased techniique' will' now'^be desci-ibed.' : ' -■■ '^a '= 

Referl-ing tb Figure' 28, the plahriihg cycle gen-' ' 
eraNy corisists of four steps. TheMirsrstep; at Block'- 
260, obtains' the req'uil'emehts fer spare' parts. The 
second step, at Block '261', gathers thb' 'existing' 

' inventory and any butstandihg purcfVase ordei'S: 
The third step, at^ Block 2(52, is to calculate the 
time-phase replenishment schedule. The last" step 
at Block 263 is to determine the buyer recommen- 
dations. Each bit these steps' will how be described ' 
in detail. - ' "■ '"- i^'f ■•isi:' 
At Block 260; the requireriients for spare parts ' 

■ are obtained! Fiequiremehts for spare parts 'come' 
from three sources: (1) spare parts identified in the- - 
parts manual file, (2) -spare partis identified in the 
planning ^ bill, and (3) - spare jSMs allocated tb a 

■ specific maintenance; request: ''Tlie 'requilreiTnents'-' 
from the 'first two sbLirces are c&lculated in the ■• 
same way and will be described 'bblbw in cbrihec- 
tion with Hgure 30; The spare parts allocated to ' a 

'specific maintenance ^rei^uest is added to the cal- ' 

: culated spare parts requirerrients. I - 

(1) Spare Parts Identified in the Parts Manual ^ 
File: As akeady described^ eich vendor pro- ' 
vides a parts mahuaf describing hbw' its equip- 
ment is assembled.- 'Engineering 'di'awing's and - 
parts list of all components are iricluded in the 
parts manual. These 'parts rhanuals arb referred 
to when: maintenance is pertormed oi" engineer- 
ing changes are planned: The f)arts manual file 
is a bill-ofrmatel'ial- represehtatibn of-' all vendor 
parts manuals. The parts manual file organizes 
all of the vendor part manuials representing . a 
complex. This provides a mulfi-level' bill-of-ma- 
terial for each corhplex. Figure'29 is an illustra- 
tion. Each item in the parts manual file has an 
inventory classification assigned to it, i.e. ge- 
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neric, non-stocked, consumable or replaceable. 

Each spare part classified as "consumable" 
or "replaceable" .has a..mean-time, failure rate.: 
The mean-tme.failure.rate.is,thG,number of.run 
hours at which this:part ;is,Jikely,to fai!.. or need; 
replacement.;Each. part aceurnulates4heir actual 
run hours, ^stored, in ther-cumulative; run, hours 
field. The planned run ^hpurs for each i week . are . 
also aceumu!ated.._for, these parts. The. plannedr 
run hours are , add^d tOjth^ actual run-hours. .The 
results are compared to the mean-time failure 
rate. A r^uiremgnt for the part is created each 
time the planned, mn hours . exceeds the mean-: 
time failure rate. 

When these; parts iare . replaced ;the actual 
run hours are. set , to zero and .the aceumulating 
of actual run hours, begins .again:,;"Jhe informat. 
tion on each replaced, part iS: moved to theiparts 
history , file. The ( Complex, equipment ;i;numi)er,.> 
MR nurnber and r other pertinent data- is saved. 
The aceumulated run, hours are also saved , Sta-; 
tistical analysis is.^applied-to jrewew. the ;rnean=.i 
time failip irate .jor , this parti^runnihgi on ,this, ^ 
complex .numb^rj: The 

failure rate is.i;eviewed and mpdified if, justified^^^^^ 
Replacement parts .whjchi^ still under war- 
ranty by the veri!dpr,arejste 
placement. /The ivendor's warranty date and/or 
warranty , hours are maintained for the warranty 
comparison.- , „ i'- , ; 

(2) Spgig ggrts Identified in the Planning Bill: As; 
already described, "Plahnrng~Bills" can "Be set 
up for- regularly scheduled maintenance; events 
such as preyentative.maintenance, mach con- 
figuration changes and consumable parts.,, This 
type of planning, bill defines each spare part , 
required to perform a, maintenance event. This , 
provides greater flexibilityi^to,, engineering ser- 
vices. A parts iist,.ea.ij;ber maintained for spare 
parts planning using,the;planning bill! rather than 
coding the detail in the -parts, manual file. ; m. 

Engineering services^can create a, planning 
bill to plan for engineering changes without ; 
modifying the parts fmanual fileriThe-iplanning; 
bill is us^d to evaluate machine mpdifleations 
and to plan for the new machine , parts. . For 
example, an, upgrade requires 50 new parts to 
replace 40 , on various , locations of the machine. 
A planning bill is created listing the 50 new piarts 
and the . 40 . parts to be. replaced: The planning,, . 
bill is used to schedule,, the time:phased parts 
delivery. The future obsolete parts, (those parts 
to be replaced) are phased out according to the 
plannirig bill. The actuair implementation of ^the 
project is performed .through the parts manual,, 
file under engineering change control as already 
described. The .planning bill is removed upon 
completion of the project. 



(3) Sp^ parts ^^lloc^ |o a.;Sp^ific Main-; 
tenance Request : A planned maintenance^ 
quest ,to, perfprm.a. specificisnriaintenanceeevent ! 
: , can specify , the parts, required. These: parts are 
" 5:, allocated for this specific, maintenance requesti? 
A : These .parts, are., riot, available for: rputirie, maint!, 
tenance usage. ; , ,.. . 

Referring riow to .Rgure SO; theJJetailedvoper- 
,, ations to , calculate , time^phase replenishments; 
70 (Stock 262 of; figure 28) will now.be described: At 
Block 270;; the: Part Master is read, -by Planning 
Levels. This ensures that all requirementsf.tare mIt: 
; V : culated fprveach item priorito scheduling, replerii^hT 
« r ment orders. For exarnple;; a part with a planning 
JS ;. level coderpf 5 is.:planned, after levels, 0-4, so. tiiat : 
„ . all requirements for this part which were, defined.jin < 
levels 0-4 have: been accumulated by the time, level 
5 is ready for scheduling. : , - , i , 

A part which is.an,"assemb|y", i.e. a partiwhich-r 
0^20 has lower level Items associated with it, mustshavei: 
r;:, its accumulated run hours , posted ■ to each ; of its .v 
parts list iterns.-Aecordingly; at Bl0Gk.271v a;test;is « 
made as to whether a, parti is an assernbly. , , ^ 
A check is to,;made tQ:,determine!if: a;part is 
'r,25 , under ECN control -at ■,Blockr 272.'fi»f the^part-is ' 
controlled under ECN use-up (Block, 273) no raction . 
is taken at this tinrie. Use-up is implemented during 
■ , the calculate replenishment phase betow. ? A part < ; 
added to the parts manuaf ;file> or planning :biH ; 
. 30 (Block 274) has the run hours/requirements set to 
j zero from the first period up to the period which 
the ECN ibecomesi effective (Block, ,275)., iAvpart 
deleted from the automated; parts .manual . pn plan- 
ning bill has the mn hours/requirements set to zero 
35 from the period the ECN becomes effective to the 
end of the planning horizon (Blockr276)i 

. ■■ Example: Spare; Parts. Ordering i 

40 Figure 31 illustrates the above described loper-.: ,; 
; = iations for applying ECN changes. The, assembly 
01B1 - Maker Section 1, (see Figure 19) has tvro : 
parts under ECN control: Part 01B13 part-C is 
under ECN control 123; . Effective 2^1 5/XX this, part , ; 
,45 will be deleted from this-: assembly; Part 01 81 2 ,• 
Part-B is also under ECN controH23. This,part will ^ 
be added to this assembly effective, on 2/1 5/XX- 
For parts under an ECN controlled by a main-jj-i 
tenance request, the MR's: start ; date is .used ;to ' 
50 detemiine the period which lan -ECN is planned to ■ 
become effective, e : ,. . .. ,, . , , , 

An assembly under ECN control must have; its 
run hours/requirements implemented under.; ECN j 
control. All parts included; in this assembly are;/ 
55 subjected, to the same ECN control, therefore only 
the run hours/requirements in effect for. the ECN 
will be posted to the individual part. ; ■ 

Returning again to Figure 30, the run 
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hours/requirements are now posted to the individ- 
ual items 'which'irnake up- the assembly, at- 'Block 
277. ., ■ .^-^O'- 

Non-assembly parts- (Block 271 ) have their run 
hours converted to requirements (Block 278)' Fig- s 
ure 32 is an exarriple. Part-G had actual run hours ' 
for last week of 100 hours; The plahrted run hours 
for this part is shown for weeks 1 through 21. The 
rriean-time' failure' rate for this part is 1375 hours' 
The required^quSntity is calculated as follows: ' ' io 

(1) The actual' run hours are^added ' to the pre- 
vious cuniulative-run hours ^ivirig i the new cu- 
mulative run hours. iOi ■ .'i ' . ' 

(2) The plan run hours for each week are added ' ' 

to the cumulative run hours giving the projected »5 
cumulative i'un hours'for each week. ' 

(3) Each week' that the projected cuniulative run' " 
hours ■ exceed- the rheah-time ''failure rate, a re-- 
placement part is required. The projected 'cut ' 
mutative run hours is reset by subtracting the 20 
mean-tihne failure rate for' the projected 'cumula^ 

five run hoursw " ^' tm !i . • ;;. 

In the example of Figure 32, the cumulative run 
hours prior to this planning cycle was 900. The 
actual rurt' hours for' the 'previous week was 100 25 
hours. The riew eunrtulative rijn hours is 1000." The" ' 
projected^'^curhiilative run hdiirs for each week is 
increhfiented by the planned run hdul-i: The projec- 
ted cumulative run hours for week 1 is 1100. This 
consist ofi the - previous projected icumulative run 30 
hours of 1000 plus the planned run 'hours for week 
1 of 100. This calculation continues for the entire '■^ 
planning horizon. '1 • . ■ 

Continuihig with the example of Figure 32, after- 
each projected cumulative run hours is calculated, 35 
it is compared +to the mean-time failure* rate: A 
"requirement" is^created; each timfe that' the 'mean^ 
time failure rate 'is* exceeded; ;This occurs -twice in 
Figure 32. Week ^5 has a projected cumulative run ' 
hours of 1400. The mean-time failure rate 'is 1375. 40 
Since the projected cumulative run hours exceeds 
the mean-time failure rate ' by 25 i hours '(1400 - 
1375) a requirement is created. The projected 'cu- 
mulative run hours is reduced by vthe, mean-time 
failure rate and the calculations for projected cu- 45 
mulative rijh' hours begins again. Week 6 has a " 
projected cumulative run hours of 1 25 consisting of 
25 projected cumulative run hours frorri week 5 
(1400 - 1375) plus the 100 planned run hours for 
week 6. ! The second occurrence for creating a 50 
requlrementiis in week 21; ■ • 

Returriirig now to Figure 30, the reqiiirerhents 
allocated to a specific maintenance request (Block - 
280) are added at Block 279 to the requirements 
from the previous step (Block 278). All require- 55 
ments for this part have been 'pushed' down to this 
planning level. 

Then, at Block 282, the current inventory on- 



hand and all open puFchage'brders for this part airel 
obtained for spares as described -above iri the 
Parts Manual File description. At this point air re- 
quirements are known and existing inventory, ac- 
tual (30) arid on order (20)i is known. ' ■ 

Several other things about this^parfiare known. 
The order quantity is 20; i.e. every tirhe an order' Is 
placed 20 will be ordered: The vendor-requires two 
weeks notice to deliver this part- so the lead time is 
2 weeks. Filially there is no safety stock for: this 
part, i.e. ''Jiiist-in-Time techniques are'i to- bei'ap- 
plied. The order quantity, lead lirtie and^ safety 
stock are variables and can be set-to any value! . 

At Block 281, the replenishrtierit' is ftow cal- 
culated. Figure 33 shows the calcuiatiohsl'The pro- 
jected onrhand is calculated' by the foi'nhula: ' ' v 

on-hand(N - 1) - re(5uired(N): * oh ofder(N) + fplah 
orders(N). 

• - ' - -i - ■ ; or ,v";n;.; 

A plan drder'is created for each week that'Stfie'- 
projected on-hand' falls ' below the safety stock • 
quantity. A': repleriishrnent order is created by off-'" 
setting the week the plan order quantity- is needed ' 
by the lead tirne. ' '■ ^- ' ' ■ ' ! 'k ' .1.; x^' • 
The projected on-hand for 
week 1 is 20, i.e. (30 - 10 0 + 0); 
week 2 is 30, i.e. (20 - 10 + 20 + 0): 
week 3 is 15, i.e. (30 -15 + 0 + 0); 
week 4 is 7, i:e. (15 -8 + 0 + 0); ' • ' ! ' 

week 5 is-3;-i:el (-7 - 10 + 0 + 6). ' - ■ 'i' 

The projeded oh-hahd' goes' negative in week 5; 
i.e. it falls''beldw isafety stock of 0. Thereforfe, an - 
order must be: (3laced to- an'iveln week 5. A plan 
ord(3r for 20 (order quantity is 20) is created for 
week 5. The lead time for this part is 2 Weel<s.'The'' 
replenishment order foi-JtO'-parts must be 'placed in ' 
week 3 for the parts to arrive in week 5; 'The' 
projected on-hand calculations begin again. ■ 
The projected on-hand for ■ ' 

week 5 is 17, i.e. ( 7 - 10 + 0 + 20); 
week 6 is 7, i.e; (17 -' 10 + 0 + 0);- ' - ■ 

week 7 is 19; i.e; ( 7 - 8 + 0 + 20): ' . 

The projected on-hand for week 7 would go nega- 
tive (-1) if the plan order for 20 was riot created. ' 
The remaining calculations for the projected on- 
hand are performed the same'^way. ■ 

Referring again to Figure 30; at Block 283; th#- 
part is checked for ECN use-up control; If the part '• 
is to be phased out (replaced) when' it is used-up, 
the remaining requirements for this' part must be 
posted to the substitute part (Block 284). Figure 34 
shows this exariiple. Part 01B16 Part-F" is under 
control of ECN 456 - use-up to be replaced by 
01 B1 5 Part-E: The first time the projected on-hand 
goes negative (-3) for this part (Part-F) Is week 5 
(Block 285). The remaining requirements for week 
5 (-3) and all future requirements for this part are 
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posted to. ttie replacement part:r{01B1 5 Part-E) at 
Block 286, The replacement part |s at; least one 
planning level; lower than the current planning level. 
This insures that the, remaining requirements for- 
this part are included in. the requirements for the . s 
replacement part. This technique is used for planr 
ning purposes only.-;.The ECN will. go. into effect ,,. 
when the last.part Js.actually issued .from spares. 

The last function perfprrned in the spare part 
planning ; cycle; is. . *e Buyer Recommendation 
(Block 287). Although the systern calculates when 
to place an,.prder or to. advise: the rescheduling of ' 
an existing purchase order, the|: Buyer is responsi- 
ble for the; actual cprnpany commitment. Jhe sysr 
tem will .not automatjcanyy issue or, reschedule a , is„ 
purchase order. However, it willebe.: understood by ; ! 
those having skill in the art that the system may be 
configured to autpmatically issue or reschedule a .. . 
purchase order. ; . ' 

In the drawings and specification, there have 20 
been disclosed typical preferred embodiments of. , 
the invention and, although specific, terms are em- 
ployed, they are used in .a generic and descriptive 
sense orily .and, not for,.purposes of limitation, the . 
scope of the invention being set forth in the follow- j 25 
ing claims. 

Claims 

1. A computer integrated maintenance system for ; 30 
use with a computer integrated manufacturing 
system,,the computer integrated manufacturing 
system including a computer.y^cpntroller ; ifor 
controlling, a plurality of production; cprnplexes 
each , of which includes a plurality, of production 35 
machines,: the; manufacturing system computer 
controller .Including an electronically , ^stored ; • 
master schedule file having ;therein a schedule 
of actual production and planned production 
for the plurality of complexes, the manufacture «,40;; ; 
ing system computer.controller controlling the ^ ^ 
plurality of production ; machines based- upon v . 
the planned production in the master schedule 
file; said computer integrated maintenance , 
systenn cprnprising: . 

an electrpnically, stored parts manual, con- 
taining a hierarchical listing of parts in the 
plurality of production machines in the plurality 
of production complexes; and, . : 

rnaintenance; operations computer control- iso 
ling ,-means, comrnunicatively connected, to 
said .electrpnically stored parts manual and i 
adapted to be ^communicatively connected to, . 
• the master schedule file, comprising: 

first means for obtaining,; a schedule - of 55 
actual production and planned production for 
the plurality ; of complexes from the master 
schedule file; 



second .means for identifying > parts in the 
hierarchical listing to be maintained during a 
predeterrfjined time period„.and a eon^espond-. 
ing maintenance,. time during the predeter- 
mined,. time period for, each identified part; 
based upon the obtained schedule; fr 

third , means :nforf;.reassigning Ihe . con-e- 
sponding maintenance.4inies; for .the identified 
parts, ybased . upon .the. hierarchical . listing of 
partsJn the, electronically stored parts;jmanual, 
to reduce lost production time for each of the 
plurality , of complexes; ,. - ^ 

*: fourtii means; for . generating; a., revised 

schedule.ofpjRianned prpduction based upon 
the reassigned maintenance times for the iden- 
tified parts; and.' , 

fifth mearis for communicating ;Uie revised 
schedule of planned production to the master 
schedule file; , . . ? 

whereby ttie plurality of .complexes are con-, 
trolled ' based ; upon .the revised ; schedule of ; 
planned ^production, to allow for maintenance:, 
activities while maximizing production. , 

2. The computer integrated maintenance, system; 
of Claim 1 wherein said ttiird means com- 
prises;;); . .....,.,;;, . . - ...; V„, , 

means for determining when a complex is . 
inactive, based , upon ttie; obtained schedule;;^^ 
-and, ,; -;;,,, ■'■ 

means for reassigning!, the con-esponding 
maintenance times for at ., least some; of ttie > 
identified parts to ttie time when, the complex r 
including thei at least some of; the identified ., 
iparts js inactive. , ^ , 

a The computer integrated maintenancei system 
of Claim '1 wherein said third means comprises , 
means jfor grouping at least some of ttHe cor- 
responding maintenance- times for , identifiedr 
partS; in a complex, to reduce . lost production ; 
time , for that complex. 

4. The computer integrated maintenance system 
of Claim = 3 wherein said ;aiird means furttier a 
comprises means for Identifying a critical part ; , 
to be. maintained in a . complex and a cor-., 
responding critical maintenance time, and 
means for reassigning at least some of .ttie; 
corresponding imaintenance times for ottier 
parts in the complex , to ttie critical mainten- 
ance time. 
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5. The computer integrated maintenance s"y^^ ' 
of Claim' I' whef&ri said Wird' m^ 
comprises' means'lor 'determining'' manpower 
needed ^tb-'peffbrm' maintenance according 'to 

the reassigned maintenance times, and means 5 
for further reassigning the reassigned main- 
tenance tirifies^ to perriiit ■ maintenance 4b -1)0 ' " 
perfomed^with available' nriaripbw . i-ji:.: ' 

6. The computer- integrated' maihtena system'-^ lo 
of Clairh i wherein said 'electron 

parts 'martual^furthei''' includes' an' end ' of iifb ■ 
indicator for selected ones of the prodiictiori ' 
machines, the end of life indicator indicating 
that the ; associated ■•'^^productiGh^ 'maeh -'^ "'js 
scheduled to be replaced ' br modified; a^^^ 
whereih 'said third "means 'cbmprises' means for 
eliminating the'^febrresponding'iriaint^ for' - '• 
parts in-macfiihes'having*ah 'associated end! of 
life iridicatbrl to -therbby 'rediice lost 'prbductibn ' ■ 20 
time. ^ ^ ' ■■- 

7. The cbmputer'ihtbgrated- Waih'teharicel'system ' ' 
of Clairh''-1'%herein;'said£electronically stored '" • 
parts manijal-*f lifther 'cbhtain's • an " iifnagb Vfile'i' ' ' '^25 
including a'' coi^responding^^^^^ 

the hierarchical listm'g.':' ^ ' >o no - % : ; ! < 

8. The computer integrated maintenance system 

of Claiirfi 'wherein - said > 'fiierarchical 'listing 30 
comprises' a eprriplete bilP of materials for eabh ' 
complex. ■ ■''■!.)' f\k \ V'.-i -j ' ; . 

9. The computer ihtegr-ated m^intehaince syfetern ' 

of Claim l:^ ■ '■ . •■■ 35 

wtierein the maniifactiiring system corfi-' 
puter controller ■furthei''indudes ah erigiheeriti'^ ' ■ 
change file having therein 'a schedule''bf 'eri^^ 
gineering' changes to be made on the prbduc- v 
tion nVachine^;-^-"' ^io- ^'k-^q 

wherein said maintenance operations conrj-'-' ' 
puter cohtroller is further-adaptetl to'-be' com-' 
municatively ' connected tb the engineering ^ ' 
changefile; ;;:■;!■;. 

wherein said first means further obtains a 45 
schedule -of ehgineerihg changes frorin the eii- 
gineering'cfiarige'file; and, l.' vir 

wherein said- second rrieans further corn- " 
prises hieans for identifying the parts to be 
maintairied and the corresponding ' mainten- ' ' so 
ance time based- upoii' the bbtained' schedule 
of actual production and planned production 
and based upon the obtained schedule-'of'eh- 
gineering changes. ' -' ■ 

■■ ■ ■ ■ • 56 

10. The computer integrated maintenance system 
of Claim 1 wherein said third means further 
comprises: 



rneahs foi' accepting an indication that un-' 
planned maintenance is performed on a broken 
part at a predeterrnined time; and 

means for reassigning at least isome of the 
corresponding maiihteriahce tirries 'fbr identified 
parts 'in the siame complex as the first jaart, to 
correspond to said prbdetermined tirfie; ' < 

whereby at least some plariried maintenance iis 
rescheduled to occur during unplahried ' main- 
tenance. ■. 

11. A coiinputei' integrated maintertarice system •foi'' 
use with a computer integrated manufacturing 
system, the computer iiite^rafed rfianufacturlhg 
system . including a computer controller for 
controlling a plurality' of ' production corhpiex'es 
each of which iiicludes a plurality of pj^oductibh - 
machiiiesj the maniifacturing' system 'cbmputef' 
controller ' inciudirig an "eleeti'bnically ' stored ' 
master schedule file' having therein 1a' sclieclule ' 
of actual productiori ' and- planned' prbductibn 
for the plurality of complexes, the manufactur- 
ing system cbrhputer contrbllel- bbntroliing the 
plurality- of production' machines 'based upon 
the plahiied production iri the master 'sbhedule' 
file, said' computer integrated rtiaintenahce 
systerh corrprising: ' 

an electronically stored parts manual; con- 
' taining a hierarchical listing of parts in the 
plurality of production machines in the plurality 
of production complexes; ■ • ' ■ ■ 

maintenance dperatiohs computer control- 
ling means; adapt^ ' to be communicatively 
connected to the manufacturing-system conri-'-' 
puter controller, and conimuhicativelycbrihect- 
ed to 'the electronically' stored parts manual'; ' 
said maintenance operations coitiputer cbnti'bl- 
ling means comprising: 

maintenance ' 'sch'ediile ' managerrieiit 
means. fbr identifying parts in the hierarchical 
listing 'to' be ' niaintaihed during a 'pi-edeter-- 
mined time period based upon the planned' 
productibri in the master schedule, file, and for 
scheduling mainterianiie activities for the iden- 
tified parts to reduce'^disruption of production; > ■ 

engirieering change control mahagerh'erit 
means; for integrating ehgineeriri'g change cori- • 
trol activities into the scheduled maintenance ' 
activities; ' . 

parts manual management means, fbi"' up- 
dating the hierarchical listing in response to 
maintenance activities and engineering change 
control activities; and, ' 

spares inventory management' means, for 
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generating requirements to order replacement 
parts -for the, identified parts tojbe.avalable" for 
use in the scheduled, maintenance-actvities... ' 

12. The .computer iritegratecl -maintena^^ 

of Clairn ll wherein .said maintenar>ce schedC^^,^ 
ule managemerit, means furtiier,comprises: - . .-^v^ . 

means for accepting an indication that un- 
planned mainteriance_wjll:be;perform during. 
said predetCTmirifcl time,Reriod;,and, : " .70 

means for scheduling maintenance actiyi-,. ■ '. 
ties for the identified peirts l)ased upon the 
planned. production, in. the-mas^^^^ , 
and thg,, indication Qf . unplanned maintenance/ \^ 
to re^uce disruptipnpf, production . ., .,,,.." '"75 

ia The cpmputer integraited .maintenW 
of Claim, 1.1.,yvhereir),,said. md^^^ 
"'^ ni?P?9S'T>ent.means.,idenU^^^ fp.tje 
maintained during,the,^re%erm|ned4^ 20 
"od basedn upon. jone : of, projected^ use. of ; the . - 
elapsed time since last replacement. „ . . 7 

14. The cqmpirter integrated rriainte^ 

of Claim ,11.,:wherein ,said,,ma^^^ sched- J.^ ss 

ule management , means minirnizes di^sruptlonj ^. ij 
of production; by scheduling non-critic4l main ' j; 
tenance In a predetermined complex to occur 
concurrently with critical maintenance; in jthe 
predetemninedtcprnplex, i,^.,./ " V' ■ j' , 30 

15. The computer integrated nnaintenanc.e ,systerr!, i, ' 
of Clainri ,11, wherein said, maritenance, sched^^^ 

ule iTianagernent means further -cornprises ; 
meansj.for, scheduling;, maintenance activities, .■>-35 
for the Identifiedp^parts ,tp allow scheduled,' C 
maintenance activities, to be performed using, ; , 
predetermined, manpower levels. . , . , : ; . 

16. The cornppter integrated, m^^^^ 40 
of Clairn. it., wherein said Jhierarphical,1istin^ of, „ , 
parts in; said,electrorilca|ly stored parts manual , 
comprises , a plurality of parts levels f^pm ,,a 
lowest level to a highest level, and ..^hereini, 
each part in the lowest level |s identified.; as£, .j45 
being one of a consunnabie part , which is con-' : 
sumed by the production process, a replace- 
able, part which has,,an extended life vbut is 
subject to wear or failure,, a generic part which 

is a cpnnmori, part used iri large . numbers on 50 
many of the production machines, and a nopT 
stocked part which does not normally require 
replacement. , ., ... ,, , . 

17. The computer integrated maintenance system 55 
of Claim 11 wherein said engineering change 
control management means comprises means 

for integrating engineering charige -control ac- 



tivities into, the ^sGhedJJled maintenance : activi- 
ties basediUpon one of a specified engineering 
control ..irnplementalipn .date, ^ ,^ 
spare p.arts,:,pr a specified maintenance. active, 
rty- ^ !r!C= -.u: Zi-^K-i-Z 

ia The contiputer integrated tmaintenancersystem 
of Claim 11 wherein sad, rnaintenajice .sche^ 
ule management means further comprises 
means:. fpr generating , a „daily.: , maintenance , 
schedule to identify mantenance, activities ;to 
be performed each day to reduce . disiyptjor) 'of 
production; ■ , ' 

19. ;, (The cornputer- integrated, rnaintenance, system 

of Clairr! 11 fuilher cpmprisingiv. , i . ... 

an; e,le<;tronical|y . stored,; sparer 
file fpiv identifying,^gen^riC; parts, used; in^ 
plurality , of production machines iahd:;repla?e^.!; 

. , able . parts used . irv said,piuralitys,pf prpduptipn, 
machines; and 

said spares inventory management means 
further ,«)mprising :rneans..Jfor.;generatir?gf;re- 
quirements tp: order ;av,generic:;part:.!wheni:^ 

„inventoryjquantity, faiS|;teto^ a .predetermined 
quantityj;ar>d for Jd^^ 
order a replacement part tp be available .for 
use in the scheduled maintenance activities. 

20. A computer integrated ;hiaintenar)ce systemifpr, 
a cornplex including a ^ plurality, of .machines. , 
used to perform a primary function and whiqh , 
also require maintenance; said computer in- 
tegrated .maintenance, systernxpmprising: 

an electronically stored parts manual, copr; 
taining a hierarphicaljjisting : pf v parts . ,in: the 
plurapty of ri>pchines:in,jtie ,cprriplex; , . 

nfjaintenance, operations corn puten contirol- 
ling means, .iCommuniGatively connected, tp, , 
said electronically stored parts manyaliicorn- ^ 
prising: : . „ -.^ 

first, nneans for . obtaining , a schedule of ; , 
actual .and ..planned use for .the.-pluralityuof ; 
machines; ,i . 

second means fpr. idenWying parts in , tiie 
hierarchical listing to be maintained: during a 
predetepnined time period, and^a.i correspond- 
ing maintenance timO: during; the predeter^ 
( mined time period, for each identified^ .part, 
based upon the obtained, schedule; . ,; 

thirds means for, reassigning the corre- 
sponding maintenance times for the identified 
parts, based upon the hierarchical listing of 
parts in the electronically stpred parts manual, 
to reduce lost use tirne for the complex; and 
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fourth means for generating a revised 
schedule of planned use based upon the reas- 
signed rnainteriahce tirhes" for the identified " 
parts; ' > •- ; ' ■ ^ ' ; ; , 

whereby use of the complex may be controlled 5 
based upon the . revised schedule of planned 
use to allow for maintenance activities. , ■ ; i . 

21. The computer integrated maintenance system 

of Claim;: 20 wherein said third . nieans com- , jo 
prises; ; t . - • ^ ,. v 

means for determinipg, when a machine is . 
inactive, based upon, the ..pbtained ; schedule; , 
and, ' ' 

means fof reassigning the 'eorrbspdhding -' rs' 
maintenance tirnes' for at; least some of > the , . 

identified parts to the time when the machine-r 

including the at least some of the identified \ 
parts iis inactive. „' . . ' 

f k 20 

22. The computer integrated maintenance system ' 
of Claim'' 20 wherein said third means com- 
prises means;for grouping at 'lea^ some of the 

corresponding mairiteiiaricerjtimes for identified ■ i 
parts in a machine, to reduce/lost use tihne for 25. 
that machine.'-. , , 

23. The computer iritegi^aited maihtehahce systeni 
of Claim 20 wherein said third nieans further 
coniprises jmeans for identifying a critical part iso 
to be maintained in By machine, .and a, oar- 
responding; critical iTiaintenance- tinrie, . and 
means for* reassigning at least some of the 
corresponding nriaintenarice times for other j 
parts in the'machine to the critical mainten- 35 
ance time. ■ 

24. The computer . integrated^maintenance.'system 1. ' 
of Claim 20 wherein said third means further J 
comprises means i.forideterminirig manpower,'! 40 
needed toi pisrforrn maintenance .according to 1,; [ 
the reassigned maintenance times, and means 

for further reassigning the reassigned main- 
tenance times to permit maintenance.to .be 
performed with available marippwer: ' 45 

25. The computisr mtegi;atea nriaintenance system 
of Claim 20 wherein said electronically stored 
parts manual further includes -an. end of life ■ 
indicator for selected, ones, of the machjnes.'j 50 
the end of life indicator indicating that the 
associated machine is scheduled '.to be re- i 
placed or modified; and wherein said third i 
means comprises means for eliminating the 
corresponding maintenance for parts in ma- 55 
chines having an associated end of life indica- 
tor, to thereby reduce lost use time. 



26. The computer integrated maintenance system 
of Claim 20 wherein said electronically stored 
parts manual further "contains an image file, 

" 'including a . corresfionding irhage for pi^rts in 
the hierarchical listing. (-. ^ 

, 27. The cprnpirter integrated maintenance system 
of Claim 20 wherein said hierarchical listing 
comprises a complete bilLof materials for each 
. machine. , . ■ 

1 .. ; J 

28.; the, computer integrated nriafntenance-systeiTi 
of Claim 20 wherein said maintenance dpier- 
■ ations computer controller further conrilirises: 
i fifth ' means for geriei^ating' a ii^'^bf 'th& 
i identifiedv parts, I- 16, j facilitate! . brdering if of J the 

■ ijdentified .parts.} ; ^; „.. ^. . 

,29. , The. computer integrated, mairitenance^ystem 
of Claim 20; further cornprising "an engineering 
change file . having therein a schedule of en- 
gineering changes , to be 'made ^on'th'e Irria- 
; chines; ' 1 ' : ^ :'. Ivl ' 

wherein; said maintenance operations, com- 
puter controller is cpmmurijcatively cbrinected 
to the engineering change file; . . ■■ ? , 

whereini said first means further, obtains a 
schedule of {engineering c from the' en- 

giiieering change file; and, 

wherein^ said second means further com- 
; prises means-for iderjtifying the parts to be 
maintained .gtjid the • corr.esponding'-mainten- 
ance .timie based, upon the , obtained schedule 
of actual and 'planned use and basbd upon the 
obtained:schedule of engineering-changes. ' 

30. The coniputer.' integrated mairitenahce systenri 
j of ClainrV 20 wherein; said third means further 

comprises: , , f , 

means for accepting an indication that uh- 
planried maintenance is performed on a broken 
part at a predetermined time; and . 

.means for reassigning at leasif some of the 
corresponding maintenance times for identified 
, parts in the 'sariie machine as this first part, to 
correspbhd'tb said predetermined titirie; • ] 

i whereby-at least'some planned maintenance is . 

rescheduled to occur during unplanned main- 
, tenance. 
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